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O u t c r o p  s h a d e d  b l a c k
C h a p t e r  1 , I n t r o d u c t i o n ,
T h e  G e m e n t o t o n e  G r o u p  o f  t h e  M i d l a n d  V a l l e y  i s  t h e  
g r o u p  o f  s e d i m e n t G f o r m i n g  t h e  l o m e r  f o r m a t i o n  o f  t h e  
C a l c i f e r o u s  S a n d s t o n e  S e r i e s  o f  t h e  C a r b o n i f e r o u s  
s y s t e m  i n  S c o t l a n d ,  I n  i t s  t y p i c a l  d e v e l o p m e n t ,  a s  o n
t h e  f l a n k s  o f  t h e  G a m p s i e  T e l l s ,  i t  l i e s  b e t w e e n  t h e  
O l d  R e d  S a n d s t o n e ,  a n d  t h e  C l y d e  P l a t e a u  L a v a s ,  b u t  
w h i l e  i t  a l w a y s  a p p e a r s  t o  r e s t  on  O l d  R e d  S a n d s t o n e ,  
i t  i s  n o t  e v e r y w h e r e  c l e a r l y  l i m i t e d  b y  t h e  v o l c a n i c  
e p i s o d e .  S o u t h  o f  t h e  I n c h g o t r i c k  F a u l t ,  t h e  l a v a s  
r a p i d l y  t h i n  e n d  l o c a l l y  d i s a p p e a r ,  a n d  t h e  C e m e n t s t o n e  
G r o u p  i s  f o l l o w e d  d i r e c t l y  b y  t h e  y e l l o w  a n d  t h e  
g e n e r a l l y  n o n - c a l c a r e o u s  d e l t a i c  s a n d s t o n e s  o f  t h e  
U p p e r  C a l c i f e r o u s  S a n d s t o n e  G r o u p  o f  t h e  C a l c i f e r o u s  
S a n d s t o n e  S e r i e s ,
T h e  C e m e n t s t o n e  G r o u p  t e n d s - t o  f o r m  f a i r l y  n a r r o w  
o u t c r o p s  s u r r o u n d i n g  t h e  m a j o r  b a s i n  f o l d s  o f  t h e  
M i d l a n d  V a l l e y .  I t  i s  m i s s i n g  o v e r  a l a r g e  a r e a  a b o u t  
t h e  L esm a h ag o w  i n l i e r ,  a n d  t o  t h e  n o r t h  a n d  e a s t , I t  
i s  a l s o  m i s s i n g  i n  t h e  A r d r o s s a n  -  L a r g s  a r e a  a n d  p r o b ­
a b l y  i n  t h e  a r e a  s t r e t c h i n g  e a s t  t h e n  on  t o  t h e  L e s m a ­
h a g o w  i n l i e r .  ( S e e  F i g ,  l )
T 'h e r e  t h e  g r o u p  w a s  f i r s t  s t u d i e d  (Y o u n g  1 8 6 /  
p p .  2 0 3 - 2 1 2 ) ,  i n  t h e  o u t c r o p s  o f  t h e  S o u t h  C a m p s i e s ,  
t h e  r o c k s  c o n s i s t  m o s t l y  o f  d o l o m i t i c  r e d  a n d  g r e y  
m a r l s ,  d o l o m i t i c  l i m e s t o n e s ,  a n d  m i c a c e o u s  s a n d s t o n e s ,
c a p p e c i  b y  t h i c k  c o a r s e  s o m e t i m e s  c o n g l o m e r a t i c  s a n d ­
s t o n e  kn o w n  a s  t h e  S p o u t  o f  B a l l a g a n  S a n d s t o n e .  T h e  
p r e s e n c e  o f  t h e  C e m e n t s t o n e  G r o u p  i s  i n d i c a t e d  f a r t h e r  
s o u t h  i n  t h e  M i d l a n d  V a l l e y  b y  t h e  o c c u r r e n c e  o f  t h e  
c h a r a c t e r i s t i c  c e m e n t s t o n e  a n d  m a r l  l i t h o l o i g y ,  a l t h o u g h  
a t  D a i l l ^ ^  t h e s e  r o c k s  a r e  o n l y  p r e s e n t  i n  s m a l l  p r o p o r -  
t i o n  o f  t h e  g r e a t  t h i c k n e s s  o f  C e m e n t s t o n e  G r o u p  
s e d i m e n t s .  T h e  a b s e n c e  o f  t y p i c a l  c e m e n t s t o n e s  a n d  
m a r l s  i n  t h e  s o u t h e r n  a r e a s  o f t e n  l e a d s  t o  d i f f i c u l t y  
i n  d e c i d i n g  t h e  t o p  a n d  t h e  b a s e  o f  t h e  g r o u p ;  a n d  a t  
D a i l l y  t h e  e a r l i e r  e d i t i o n s  o f  t h e  G e o l o g i c a l  S u r v e y  
m a p s  ( 1 9  1 0 ) show  t h e  l o w e r  s a n d s t o n e s  a n d  s h a l e s  o f  
t h e  C e m e n t s t o n e  G r o u p  a s  b e l o n g i n g  t o  t h e  U .  O l d  R e d  
S a n d s t o n e .  I t  i s  n e c e s s a r y  t o  u s e  c e r t a i n  a r b i t r a r y  
c r i t e r i a  t o  d e f i n e  t h i s  g r o u p  i n  d i f f e r e n t  p a r t s  o f  t h e  
a r e a .
( a )  T h e  B a s e .
F i e l d  e v i d e n c e  g e n e r a l l y  i n d i c a t e s  t h a t  t h e r e  i s  
a d i s c o n f o r m i t y  b e t w e e n  t h e  U p p e r  O l d  R e d  S a n d s t o n e  
a n d  t h e  C e m e n t s t o n e  G r o u p .  Uo a n g u l a r  d i f f e r e n c e  c a n  
b e  s e e n  b e t w e e n  t h e m  i n  a n y  o n e  e x p o s u r e s ,  a n d  t h e y  
a l w a y s  r u n  t o g e t h e r ,  w i t h  t h e  C e m e n t s t o n e  G r o u p  n e v e r  
c o m i n g  t o  r e s t  o n  r o c k s  o l d e r  t h a n  U .  O l d  R e d  S a n d s t o n e  
i n  a g e .  T h e  o n l y  e v i d e n c e  o f  a  b r e a k  t a k e s  t h e  f o r m  o f  
a n  e r o d e d  a n d  w e a t h e r e d  s u r f a c e  a t  t h e  t o p  o f  t h e  
U p p e r  O l d  R e d  S a n d s t o n e s .  I n  t h e  r e g i o n  o f  S o r n  a n d  
I l u i r k i r k ,  t h e  b a s a l  C a r b o n i f e r o u s  r e s t s  o n  d i f f e r e n t
r o c k  t%/pcG o f  t h o  0 * O ld  Red R onde  t o n e , c o m c t i s e Q  
r e n t i n g  o n  a  r e d  m a r l ,  B o t t i n e s  o n  a  e a n d a t o n e ,
eoi-ietimcs on a corn atcn o , each .explosare e x h ib i t in g  ci,gnB 
Of e r o s io n  c t  the j a n c t i  (PI.Z. Fig. 11 ) .  Evidence o f  
th e  brerdc can elc-o be ceon north o f  G1ag-;ow o n l In  th e  
Ayr region; end x i ù c l y  i n  th e  Midland V o lley  I t  appears  
t o  precede o uerbonlimrouo n orin e  In cn ra ion , wlilch In  
moat a r e a s , b r in g s  about e Liarhcd chau.^ In  l ith o lo '-g ico l  
t 2"pa, making r e c o g n it io n  o f  th e  ju n c t io n  r e l a t i v e l y
( l )  D a i l l : r  ' e t n a . . - »  Cumnoek.
T h l B  a r e a  p r é s e n t a  p a r t i c u l a r  d i f f i c u l t i e s  b e c a u s e  
o f  t h e  o c c u r r e n c e  o f  t h i c k  o a n d s t o n e o  o f  c i d  T;ed u a n d -  
a t o n o  t y p e  w i t h i n  t h e  C e m e n t s t o n e  G r o u p #  i ' o u r  c r i t e r i a  
a r c  c o n v e n i e n t  i n  m a p p i n g ,  t h o u g h  a l l  f o u r  a r e  r a r e l y  
o v n i l a b l o  n t  Gi'c/ o n e  o u t c r o p #
( i )  T h e  l a s t  o c c u r r e n c e  o f  n a a e l v o  c o r n a t o n e a  w i t h  
o s B o c i a t c d  B s n d s t o n e u  d e f i n e s  t h e  t o p  o f  t h e  U p p e r  O ld  
Red  w o n d B to n o #
( 1 1 ) T h o  u i r a t  o c c u r r e n c e  o f  g r e y  a h a l e e  o r  t r u e  c e m e n t -  
a t o n e s  i n d i c a t e s  C a r b o n i f e r o u s  r o c k s #
( i l l ) T h o  o c c u r r e n c e  o f  e u c h  f o s s i l s  a a  ”n t h r ' ^ c o n o l o . 
! h a d l t r a , e n d  o s  t r a c e  d a , p o i n t s  t o  ti C > u » b o n i f e r o u s  a g e #
( i v )  T h e  o c c u r r e n c e  o f  c a r b o n a c e o u s  p l a n t  r c c a l n s  a l s o  
p o i n t s  t o  a C a r b o n i f e r o u s  o g e ,  o s  o p p o s e d  t o  the? o c c u a i o r i a l  
n o n - c a r b o n a c c n u B  p l a n t  I m p r c a a i n n s  c f  t h e  IT# I d  R e d  
T e n d s t o n e #
T h e  l a s t  t h r e e  c r i t e r i a  a r e  d i r e c t l y  c o r r e l a t e d  
w i t h  t h e  i n c u r s i o n  of th e  C a rb o n i f e ro u s  s e a ,
( 2 )  A y r  -  K i I m a r n o c k  -  M u i r k i r k ,  a n d  N o r t h e r n ;
R e g i o n ,__________ '
( A r r a n  m U . S .  C a m p s i e s ) ,
I t  i s  r e l a t i v e l y  e a s y  t o  d e t e r m i n e  t h e  b a s e  o f  t h e  
C e m e n t s t o n e  G r o u p  i n  t h i s  a r e a .  I t  o c c u r s  a t  t h e  c h a n g e  
f r o m  t h e  r e e l  c o r n s t o n e  -  s a n d s t o n e  l i t  h o  l o g y  t o  t h e  
g r e y  s h a l e  -  c e m e n t s t o n e  l i t h o l o g y .
( b )  T h e  T o p .
I n  m o s t  p a r t s  o f  t h e  M e s t e r n  M i d l a n d  V a l l e y ,  t h e  
f i r s t  a p p e a r a n c e  o f  l a v a s  o r  a t  l e a s t  o f  a s h e s  o f  t h e  
C l y d e  P l a t e a u  L a v a s ,  i s  t a k e n  t o  m a r k  t h e  b a s e  o f  t h e  
U p p e r  C a l c i f e r o u s  s a n d s t o n e  G r o u p .  T h e  o n l y  r e g i o n s  
w h e r e  l a v a s  o r  a s h e s  a r e  l o c a l l y  m i s s i n g  a r e  a b o u t  
K i l m a r n o c k  a n d  C o a l b u r n  a n d  a t  C u m n o c k ,  T h e  u s e  o f  t h e  
v o l c a n i c  g r o u p  t o  l i m i t  t h e  t o p  o f  t h e  C e m e n t s t o n e  
G r o u p  i s  o n l y  v a l i d  i f  n o n e  o f  t h e  l a v a s  a r e  a s  o l d  a s  
a n y  s e d i m e n t s  o f  t h e  g r o u p ,  ( s e e  p .  2 2 ) .  R o c k s  h i t h e r t o  
r e f e r r e d  t o  t h e  C e m e n t s t o n e  G r o u p  a t  h o r i z o n s  a b o v e  t h e  
b a s e  o f  t h e  C l y d e  P l a t e a u  L a v a s ,  a s  i n  a b u r n  n o r t h - e a s t  
o f  C o r r i e  r e s e r v o i r  ( / C O / g O ) , a n d  f r o m  G r e e n a n  C a s t l e ,  
A y r ,  a r e  n o t  t r u e  c e m e n t s t o n e s  a n d  m a r l s .  T h e  b e d s  o f  
t h e  f i r s t  l o c a l i t y  a r e  a s h y  m u d s t o n e s  a n d  h a r d  l i m y  
s a n d s t o n e s ,  a n d  t h e  b e d s  o f  t h e  s e c o n d  a r e  n o n - l i m y  
b l a c k  s h a l e s  a n d  n o d u l a r  f e r r u g i n o u s  l i m e s t o n e s  a l l  /. 
^ t y p i c a l  o f  t h e  C e m e n t s t o n e  G r o u p .  } .
( 1 )  Da i l l y  -  P a t n a  -  C u m n o c k ,
'J*
At b o t h  D a i l l y  a n d  P a t n a  t h e r e  i s  a n  a s h  b a n d  
b e n e a t h  t h e  y e l l o w  s a n d s t o n e s  a n d  c o n g l o m e r a t e s .  T h i s  
i s  u s e d  t o  f i n d  t h e  b a s e  o f  t h e  U p p e r  C a l c i f e r o u s  
S a n d s t o n e  G r o u p .  S o u t h - e a s t  o f  C um n ock  l a v a s  a n d  a s h e s  
a l s o  o c c u r ,  r e s t i n g  d i r e c t l y  o n U .  O l d  R e d  S a n d s t o n e ;  
b u t  i n  t h e  o n l y  e x p o s u r e  o f  C e m e n t s t o n e  G r o u p  t h a t  i s  
a v a i l a b l e ,  i m m e d i a t e l y ^  t o  t h e  e a s t  o f  C um nock  i n  t h e  
G a s s  U a t e r ,  t h e r e  i s  a  g a p  o f  a b o u t  2 1 0  f e e t  b e t w e e n  
t h e  t o p  s a n d s t o n e s ,  s h a l e s  a n d  c e m e n t s t o n e s  o f  t h e  
C e m e n t s t o n e  G r o u p ,  a n d  t h e  y e l l o w  s a n d s t o n e s  a n d  b i o -  ; 
c l a s t i c  l i m e s t o n e s  o f  t h e  U.  C a l c i f e r o u s  G a n d s t o n e  
G r o u p .  ( S e e  p .  13 ) .
( 2 ) A y r  -  K i l m a r n o c k  -  I l u i r k i r k .
I n  t h i s  a r e a  i n  n e a r l y  e v e r y  p l a c e  w h e r e  t h e r e  i s  
c o m p l e t e  e x p o s u r e ,  a s h e s  a n d  l a v a  f l o w s  o c c u r .  W hen n o  
v o l c a n i c s  c a n  b e  f o u n d ,  t h e  c h a n g e  f r o m  f i n e  y e l l o w  
c a l c a r e o u s  s a n d s t o n e s ,  s h a l e s  a n d  c e m e n t s t o n e s , t o  t h e  
? c o a r s e  y e l l o w  d e l t a i c  s a n d s t o n e s  a n d  b i o c l a s t i c  l i m e s t o n e s  
i s  t a k e n  t o  b e  t h e  j u n c t i o n .
( 5 ) N o r t h e r n  R e g i o n .  ( F r o m  A r r a n  t o  t h e  N o r t h -  
e a s t e r n  C a m p s i e s )  _^________________________________
S o m e t i m e s  a s  i n  A r r a n  t h e r e  a r e  a  f e w  f e e t  o f  t h i n  
; a s h y  s a n d s t o n e s ,  c o a l y  s h a l e s ,  a n d  f i n e  c o n g l o m e r a t e  
j u s t  b e n e a t h  t h e  f i r s t  L a v a  f l o w .  T h e s e  s e d i m e n t s  a r e  
i n c l u d e d  i n  t h e  C l y d e  P l a t e a u  L a v a s  G r o u p ,  a n d  a r e  
t a k e n  t o  b e  a b o v e  t h e  t o p  o f  t h e  C e m e n t s t o n e  G r o u p ,  a s  
t h e y  a r e  m o r e  a k i n  i n  l i t h o l o g y  t o  t h e  U p p e r  S e d i m e n t a r y  
G r o u p .
o.
L i t h o l o g y  a n d  P a l a e o g e o g r a p h y .
O v e r  t h e  w e s t e r n  M i d l a n d  V a l l e y  t h e  l i t h o l o g y  o f  
t h e  C e m e n t s t o n e  G r o u p  s h o w s  c o n s i d e r a b l e  v a r i a t i o n  
f r o m  t h e  B a l l e g a n  t y p e  s e d i m e n t s  o f  t h e  C a m p s i e s  
( s e e  p .  2 . 1) t o  t h e  c o a r s e  s a n d s t o n e s  a n d  c o n g l o m e r a t e s  
o f  t h e  D a i l l y  -  P a t n a  r e g i o n .  A c h a r a c t e r i s t i c  o f  a l l  
t h e  s e d i m e n t s  i s  t h e  h i g h  c a r b o n a t e  c o n t e n t ,  e v e n  i n  
t h e  c o a r s e  s a n d s t o n e s ,  som e s a n d s t o n e s  b e i n g  d o l o m i t i c .
T h e  m ode  o f  d e p o s i t i o n ,  a n d  t h e  p a l a e o g e o g r a p h y  
o f  t h e  C e m e n t s t o n e  G r o u p  h a s  r e c e i v e d  som e a t t e n t i o n  i n  
t h e  p a s t .  T h e  c e m e n t s t o n e s  t h e m s e l v e s  h a v e  u s u a l l y  b e e n  
a s s u m e d  t o  b e  c h e m i c a l  p r e c i p i t a t e s  i n  n o n - m a r i n e  l a g o o n s  
( B a i l e y  1 9 2 9  p . 1 2 ) ,  b u t  o f  l a t e  t h e y  h a v e  b e e n  c o m p a r e d  
w i t h  t h e  d o l o m i t e s  o f  t h e  b a c k  r e e f  l a g o o n s  o f  t h e  
Z e c h s t e i n  s e a  ( G e o r g e  1 9 5 ^  P . J O R ) . Some r e f e r e n c e  h a s  
a l s o  b e e n  m ad e  ( G e o r g e  1 9 5 ^  P . 5 ^ 9 ) t o  t h e  p a l a e o g e o g r a p h y  
o f  t h e  C e m e n t s t o n e  G r o u p .  T h e  s u g g e s t i o n  t h a t  t h e  L .  O l d  
R e d  S a n d s t o n e ,  a n d  i n  p a r t i c u l a r  t h e  O l d  R e d  S a n d s t o n e  
l a v a s ,  s t o o d  u p  a s  l a n d  i n  C e m e n t s t o n e  t i m e s  ( G e o r g e  1 9 5 ^  
p . 3 0 9 )  i s  r e i n f o r c e d  i n  t h i s  p r e s e n t  s t u d y  b y  t h e  
i n d i c a t i o n s  o f  t h e  c r o s s  b e d d i n g  a n d  t h e  f a c i e s  v a r i a t i o n .  
C h a p t e r  2 . T h e  S t r a t i g r a p h y  o f  t h e  C e m e n t s t o n e  G r o u p .
O v e r  t h e  w e s t e r n  p a r t  o f  t h e  M i d l a n d  V a l l e y  t h e  
C e m e n t s t o n e  G r o u p  c a n  b e  d i v i d e d  i n t o  a n  u p p e r  d i v i s i o n  
a n d  a  l o v / e r  d i v i s i o n ,  ( f i g .  2 ) .  I n  t h e , ^ n o r t h e r n  r e g i o n  
t h e  u p p e r  d i v i s i o n  i s  u s u a l l y  r e f e r r e d  t o  a s  t h e  S p o u t  
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IB G R O U P
P i g .  2 ,  The S t r a t i g r a p h i c a l  C o r r e l a t i o n  o f  t h e  
Cement s t o n e  Group i n  t h e  West M id lan d  V a l l e y ,
VI^ 0^ÙOqAQoome#* # I000 00*1
Ô Vo^o^lO#0 ÛOéOM
I,»oo*6« o| eafflfl^ gy
C o n f l o m « r a t «
S a n d « t o n «
Sh 01 c
M o  r  I
with Corston* 
n o d u l e s
Key f o r  P i g s .  3 - 5 »
7 -  10 ,  & 15 -  22 .
( F u r t h e r  l i t h o l o g i c a l  
d e t a i l  on s e c t i o n s  ) ,
Nodul o r  
Ccmcnt st
L o y e r *  d 
C em cn t s to n  c
• r e p r e c e n t e d  b y  t h e  u p p e r  s a n d s t o n e  s u b - g r o u p  o f  D a i l l y ,  
( p .  2 8 ") .  To  t h e  e a s t  o f  K i l m a r n o c k  t h e  u p p e r  d i v i s i o n  
i s  a b s e n t .  T h e  l o w e r  d i v i s i o n  i s  r e p r e s e n t e d  b y  a t h i c k  
s e q u e n c e  o f  m a r l s ,  c e m e n t s t o n e s  a n d  s a n d s t o n e s  i n  t h e  
n o r t h ,  b y  a  s i m i l a r  s e q u e n c e  e a s t  o f  K i l m a r n o c k  a n d  a t  
Ayr,  a n d  b y  t h e  b a s a l ,  l o w e r  s a n d s t o n e ,  e n d  m a r l  s u b ­
g r o u p s  o f  D a i l l y  ( p p , * 7 - i i)  i n  t h e  s o u t h .
De i l l y  -  P a t n a  -  C u m n o c k  R e g i o n .
T h i s  r e g i o n  i s  c h a r a c t e r i s e d  b y  a  g r e a t  t h i c k n e s s  
o f  s e d i m e n t  ( 1 8 5 0  f e e t  a t  D a i l l y ) ,  a n d  a  p r e d o m i n a n c e  o f  
c o a r s e  e l a s t i c s .
D a i l l y .
T h e  D a i l l y  s e q u e n c e  c a n  b e  d i v i d e d  i n t o  f o u r  s u b ­
g r o u p s  -  f r o m  b o t t o m  t o  t o p ,
( a )  F i n e  s a n d s t o n e s  a n d  s h a l e s  (ifCO f e e t ) ,
( b )  S a n d s t o n e s  a n d  c o n g l o m e r a t e s  (5OO f e e t ) ,
( c )  M a r l s  a n d  c e m e n t  s t o n e s  ( ifJO f e e t ) ,
( d )  R e d  s a n d s t o n e  a n d  c o n g l o m e r a t e s  ( 3OO f e e t ) .
( a )  The B a s a l  S u b - g r o u p . ' ^ ’
T h e  j u n c t i o n  o f  t h i s  s u b - g r o u p  w i t h  t h e  U .  O l d  
R e d  S a n d s t o n e  i s  n o t  w e l l  e x p o s e d .  I n  m o s t  c a s e s  i t  i s  
f a u l t e d ,  a n d  i n  o n e  e x p o s u r e  a b o v e  K i l k e r r a n  i n  t h e  
T o d d y  B u r n  ( 3 I C O 2 5 ) , w h e r e  i t  a p p e a r s  t o  b e  u n f a u l t e d ,  
t h e r e  i s  a g a p  i n  e x p o s u r e  o f  a  f e w  y a r d s  b e t w e e n  t h e  
C e m e n t s t o n e  G r o u p  a n d  t h e  U.  O l d  R e d  S a n d s t o n e .
T h e  c o n t r a s t  i n  l i t h o l o g y  w i t h  t h e  U .  O l d  R e d  
S a n d s t o n e  i s  v e r y  m a r k e d .  N e a r  t h e  t o p  o f  t h e  U .  O l d
o .
R e d  S a : - d s t o n e  i s  t h e  m a s s i v e  c o r n s t o n e  o f  L a n n i e l s n e  
( 3 1 3 0 1 8 ) ,  a b o v e  w h i c h  i n  t h e  T o d d y  B u r n  t h e r e  a r e  2 0 0  
f e e t  o f  s o f t  p i n k  a n d  w h i t e  c a l c a r e o u s  s a n d s t o n e s .  
I m m e d ia t e l ^ T  f o l l o w i n g  a  g a p  i n  e x p o s u r e ,  t h e r e  a r e  b e d s  * 
o f  f i n e  c a l c a r e o u s  s a n d s t o n e s  w i t h  i n t e r v e n i n g  s h a l e s  
a n d  r i p p l e  m a r k e d  s i l t s t o n e s  a n d  w i t h  o c c a s i o n a l  v e r y  
s a n d y  c e m e n t s t o n e s . I n  t h e  s h a l e s  a n d  l i m y  s a n d s t o n e s  
l a i n e l l i b r a n c h s  i d e n t i f i e d  a s  K i a d i t e s  o b e s a  ( B t h e r i d g e  
J u n . ) o c c u r  w i t h  p l a n t s ,  f i s h e s  a n d  o s t r a c o d s .  T h e  c h a n g e  
f r o m  c o r n s t o n e - s a n d s t o n e  l i t h o l o g y  t o  s a n d s t o n e - g r e y  
s h a l e - c e m e n t s t o n e  l i t h o l o g y  m a r k s  a  s i g n i f i c a n t  p a l a e o -  
g e o g r a p h i c a l  c h a n g e  -  t h e  f i r s t  i n c u r s i o n  o f  t h e  C a r b o n ­
i f e r o u s  s e a .  T h e  o u t c r o p  o f  S i l u r i a n  s h o w n  o n  t h e  1 " 
t o  1 m i l e  G e o l .  S u r v e y  Map 12f d o e s  n o t  e x i s t .  T h e  s h a l e s  
m a p p e d  b y  R i c h e y  ( 1 9 ^ 9  P * 5 9 )> sind m e n t i o n e d  by .  h i m  b e l o n g  
i n  f a c t  t o  t h e  b a s a l  s u b - g r o u p  a n d  c o n t a i n  p l a n t  r e m a i n s ,
( b )  T h e  L o w e r  S a n d s t o n e  S u b - g r o u p .
T h e  s e c t i o n s  t o  b e  s e e n  i n  t h i s  s u b - g r o u p  a r e  i n  
L a d y  B u r n ,  K i l k e r r a n ,  t h e  T o d d y  B u r n  j u s t  a b o v e  K i l k e r r a n  
H o u s e ,  a n d  L i n d s a y s t o n  B u r n  ( 2 7 5 0 1 0 ) .  T h e  s u b - g r o u p  
c o n t a i n s  p r e d o m i n a n t l y  c a l c a r e o u s  s a n d s t o n e s ,  m o s t l y  v e r y  
m a s s i v e ,  w h i t e , p i n k ,  r e d ,  a n d  g r e e n .  Some o f  t h e  s a n d ­
s t o n e s  a r e  v e r y  p e b b l y ,  b e c o m i n g  c o n g l o m e r a t i c  a t  t i m e s .  
S u b o r d i n a t e  t o  t h e m  a r e  g r e y  s h a l e s  w i t h  p l a n t  r e m a i n s ,  
a n d  r e d  a n d  g r e e n  m a r l s  w i t h  c o r n s t o n e  n o d u l e s .  iTo 
m a s s i v e  c o r n s t o n e s  s i m i l a r  t o  t h o s e  o f  t h e  U .  O l d  R e d  
S a n d s t o n e  a r e  s e e n .
A t y p i c a l  s e q u e n c e  i s  i l l u s t r a t e d  b y  J .  E .  R i c h e y  
( 194.9 P * 5 9 ) ( s e e  f i g .  3 ^ )  ; Gts h e  n o t e d ,  a  d e f i n i t e  
r h y t h m  i s  t o  b e  s e e n  i n  t h i s  s u b - g r o u p .  An e r o d e d  
c o n t a c t  o f t e n  o c c u r s  a t  t h e  b a s e  o f  t h e  c o n g l o m e r a t e s ,  
w h i c h  a r e  c o n v e n i e n t l y  r e g a r d e d  a s  t h e  b a s e  b e d s  o f  t h e  
c y c l o t h e m s  ( f i g .  3 h ) . T h e r e  d o e s  n o t  a p p e a r  t o  b e a n y  
b r e a k  i n  s e d i m e n t a t i o n  b e t w e e n  t h i s  s u b - g r o u p  a n d  t h e  
b s s a l  s u b - g r o u p ,  m e r e l y  a n  i n c r e a s e  i n  t h e  r a t i o  o f  
s h a l e  t o  s a n d s t o n e ,  a n d  a  d i s a p p e a r a n c e  o f  t h e  m a r l s  
c o n t a i n i n g  c o r n s t o n e  n o d u l e s .  One o r  t w o  c e m e n t s t o n e s  
o c c u r  lo w  dow n i n  t h e  l o w e r  s a n d s t o n e  s u b - g r o u p .
T o w a r d s  t h e  t o p  o f  t h e  s u b - g r o u p  t h i n  b e d d e d  r e d  
a n d  g r e e n  m i c a c e o u s  s a n d s t o n e s  a p p e a r ,  a n d  t h e s e  g r a d e  
u p  i n t o  t h e  s e d i m e n t s  o f  t h e  m a r l  s u b - g r o u p .
( c )  T h e  M a r l  S u b - g r o u p .
T h i s  s u b - g r o u p  h a s  t h e  c l o s e s t  r e s e m b l a n c e  t o  
B a l l s g a n  s e d i m e n t s  ( p . 2 1  )»  e x c e p t  t h a t  t h e r e  i s  a  m u ch  
h i g h e r  p r o p o r t i o n  o f  s a n d s t o n e s  t h a n  a t  B a H a g a n .  V e i l  
o v e r  h a l f  o f  t h e  t h i c k n e s s  i s  s a n d y  r e d  o r  g r e y  g r e e n  
m a r l ,  w i t h  a  l e s s e r  d e v e l o p m e n t  o f  f i n e  h a r d  y e l l o w  
s a n d s t o n e s .  S a n d y  n o d u l a r  c e m e n t s t o n e s  a r e  s u b o r d i n a t e ,  
a s  a r e  t h i n  f i n e  c o n g l o m e r a t i c  b a n d s .  T h e  s e c t i o n s  a r e  
t o  b e  s e e n  i n  t h e  L i n d s a y s t o n  B u r n  b e l o w  t h e  c e m e t e r y  
a t  D a i l l y ,  i n  t h e  B a l d r e n n a n  B u r n  ( 2 8 9 0 4 . I )  n e a r  K i l k e r r a n  
S t a t i o n ,  a n d  i n  t h e  s t r e a m s  a b o v e  l laxwe l i s t  o n  F a r m  
( 2 6 2 0 0 3 ) .  T h e  m e a s u r e d  c l i f f  s e c t i o n  f r o m  L i n d s a y s t o n  
B u r n  s h o w s  a  t y p i c a l  l i t h o l o g i c a l  s e q u e n c e  ( f i g .  i f ) .








H a r d  w h i l e  
S a n d y
- 7 ...
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G r e y  & g r e e n
» *V Fine
R e d  t  g r e e n
F i g .  ) a .  F i g .  ^b. P i g .
P i g .  J a .  R e p r e s e n t a t i v e  s e c t i o n  o f  low er  s a n d s to n e  
' su b -g ro u p  from L i n d s a y s t o n  Burn, D a i l l y .  
C l a s t i c  R a t i o  2f.1 /  1 .
P i g .  5b .  I d e a l i s e d  eye  l o t  hem from 5&#
P i g .  if. R e p r e s e n t a t i v e  s e c t i o n  o f  m arl  s u b -g r o u p ,  
L i n d s a y s t o n  Burn, D a i l l y .
C l a s t i c  R a t i o  0 . 1 5 5  /  1 .
G re e n  » r e d
R e d  » g re e n
■ e t t  I ed
Red h g r e e n
R e d
R e d  g re e n  
» d an d y
••••*)
G r e e n
|P ig .  5 . R e p r e s e n t a t i v e  s e c t i o n  o f  upper  
s a n d s to n e  su b -g r o u p ,
B a ldrennan  Burn, D a i l l y .
T h e  m a r l s  a n d  f i n e  c o n g l o m e r a t e s  ( f i g .  4. , B a n d  C ) , 
c o n t a i n  ' A n t h r a c o m y a  m i n i m a  *,  ( L u d w i g ) , t h e  o s t r a c o d s  
P a r a p a r c h i t e s  o k e n i  , ( v o n  M u n s t e r ) . a n d  G - l y p t o p l e u r s  
s p i r a l i s  ( J o n e s  à  K i r k h y )  , S p i r o r b i s  s p . , f i s h  a n d  p l a n t  
r e m a i n s .
* A n t  h r  a c  om.v a m i n i  ma * o c c u r s  a l s o  i n  t h e  m a r l s  o f  t h e  
B a l d r e n n a n  B u r n .  T o w a r d s  t h e  t o p  o f  t h e  s u b - g r o u p  t h e  
b e d s  b e c o m e  v e r y  r e d ;  p r o b a b l y  d u e  t o  s t a i n i n g  f r o m  t h e  
r e d  u p p e r  s a n d s t o n e  s u b - g r o u p .
The U p p e r  S a n d s t o n e  S u b - g r o u p .
I n  l i t h o l o g y  t h i s  s u b - g r o u p  i s  v e r y  s i m i l a r  t o  t h e  
U .  O l d  R e d  S a n d s t o n e ,  a l t h o u g h  t h e r e  a r e  n o  m a s s i v e  
c o r n s t o n e s .  I t  c o n s i s t s  m o s t l y  o f  r e d  a n d  g r e e n  s a n d ­
s t o n e s ,  s a n d y  a n d  b r i g h t  r e d  m a r l s ,  a n d  r e d  a n d  g r e e n  
p o l y g e n e t i c  c o n g l o m e r a t e s .  Some o f  t h e  m a r l s  c o n t a i n  
l i m y  n o d u l e s  s h o w i n g  r e p l a c e m e n t  o f  d e t r i t a l  q u a r t z  b y  
c a l c i t e  a s  i n  t h e  c o r n s t o n e s  o f  t h e  U p p e r  O l d  R e d  S a n d ­
s t o n e  ( B u r g e s s  1 9 6 1 ) . A t y p i c a l  l i t h o l o g i c a l  s e q u e n c e  
i s  s u m m a r i s e d  i n  P i g .  5 *
n u m e r o u s  s i g n s  o f  s e d i m e n t a r y  b r e a k s  a r e  t o  b e  s e e n ,  
s u c h  a s  c o a r s e  c o n g l o m e r a t i c  s a n d s t o n e s  c o n t a i n i n g  
f r a g m e n t s  o f  m a r l  s i m i l a r  t o  t h a t  o f  t h e  u n d e r l y i n g  m a r l  
s u b - g r o u p ,  r e s t i n g  o n  e r o d e d  r e d  m a r l s  w i t h  c o r n s t o n e  
n o d u l e s .  ITo o r g a n i c  r e m a i n s  w e r e  f o u n d  i n  t h i s  s u b - g r o u p .  
T h e  s u b - g r o u p  ^ e x p o s e d  i n  t h e  B a l d r e n n a n  B u r n ,  t h e  L a d y  
B u r n ,  B a r g a n y  a n d  o t h e r  s t r e a m s  b e l o w  L l a x w e l l s t o n  F a r m .
I n  t h e  B a l d r e n n a n  B u r n  a n d  i n  t h e  L a u c h l a n  B u r n  ( 2 4 1 9 9 9 )  




P i g .  6 . R e v i s e d  G e o l o g i c a l  Map o f  t h e  K ir k m ic h a e l  -  
P atn a  A rea .
V e r t i c a l  r u l i n g  
C oarse  d o t s  
F in e  d o t s  
H o r i z o n t a l  r u l i n g  
No ornament
Lower P a l a e o z o i c .
Lower Old Red S a n d s t o n e .
Upper Old Red S a n d s t o n e .
C em ents tone  Group.
C a r b o n i f e r o u s  L im estone  S e r i e s  
and Upper C a l c i f e r o u s  S a n d s to n e  
Group.
c a n d G t c n e s  a n d  f i n e  c o n g l o m e r a t e s ,  a b o v e  w h i c h  r e s t  
y e l l o w  d e l t a i c  s a n d s t o n e s  a n d  c o n g l o m e r a t e s ,  c o n t a i n i n g  
p l a n t  r e m a i n s ,  o f  t h e  U .  C a l c i f e r o u s  S a n d s t o n e  G r o u p .
P a t n a .
T h e  s t r a t i g r a p h y  a b o u t  P a t n a  i s  o b s c u r e d  b y  t h e  
%
n u m e r o u s  f a u l t s  c u t t i n g  t h e  l o w - d i p p i n g  s t r a t a ,  a n d  t h e  
g e n e r a l  p a u c i t y  o f  o u t c r o p s .  T h e  G e o l o g i c a l  S u r v e y  m a p s  
i n  t h e  r e g i o n  b e t w e e n  K i r k m i c h a e l  a n d  S t r a i t e n  h a v e  b e e n  
r e v i s e d ,  r o c k s  e x p o s e d  i n  t h e  R i v e r  D o o n  b e i n g  t r a n s f e r ­
r e d  f r o m  t h e  C a l c i f e r o u s  S a n d s t o n e  s e r i e s  t o  t h e  U .  O l d  
R e d  S a n d s t o n e .  R o c k s  f o r m e r l y  m a p p e d  a s  U .  O l d  R e d  
S a n d s t o n e ,  b e t w e e n  S t r a i t o n  a n d  P a t n a ,  a r e  now a s s i g n e d  
t o  t h e  C e m e n t s t o n e  G r o u p ,  s i n c e  c a r b o n a c e o u s  p l a n t  r e m a i n s  
o c c u r  lo w  dow n i n  t h e m ,  a n d  s i n c e  s h a l e s  a n d  s a n d s t o n e s  
o f  C a r b o n i f e r o u s  a s p e c t  a p p e a r  t o  u n d e r l i e  t h e m  i n  t h e  
e a s t e r n  t r i b u t a r i e s  o f  t h e  R i v e r  D o o n ,  n o t a b l y  t h e  
L i t t l e t o n  B u r n  ( 5 7 5 ^ ^ 5 ) ( s e e  f i g .  6 ) .
T h e  g e n e r a l  s e q u e n c e  h o w e v e r  i s  s i m i l a r  t o  t h a t  a t  
D a i l l y .  T h e  o u t s t a n d i n g  d i f f e r e n c e  i s  t h e  a b s e n c e  o f  
a  r e p r e s e n t a t i v e  o f  t h e  D a i l l y  b a s a l  s u b - g r o u p ,  t h e  
U .  O l d  R e d  S a n d s t o n e  b e i n g  f o l l o w e d ,  n e a r  S t r a i t o n ,  by  
r o c k s  v e r y  s i m i l a r  i n  l i t h o l o g y  t o  t h e  l o w e r  s a n d s t o n e  
s u b - g r o u p  o f  D a i l l y ,  T h e  r h y t h m i c  s e q u e n c e s  o f  c o n g l o ­
m e r a t e ,  s a n d s t o n e ,  m a r l ,  g r e y  s h a l e  a n d  s a n d s t o n e  6 %  
a g a i n  t o  b e  s e e n  a s  a t  D a i l l y  ( f i g .  5 ) ,  a l t h o u g h  t h e  
c o n g l o m e r a t e s  a r e  m u c h  f i n e r  a n d  c o n t a i n  d i f f e r e n t  
p e b b l e  t y p e s .
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P i g ,  8 , R e p r e s e n t a t i v e  s e c t i o n ,  
Heads o f  Ayr.
b e  s e e n  a t  t h e  t o p  a n d  t h e  b o t t o m  o f  t h e  ' g r e y  s h a l e s  
a n d  t h i n  s a n d s t o n e s ' ,  p a r t s  o f  t h e  r h y t h m i c  s e q u e n c e s  
t y p i f i e d  by  f i g .  5 * A n g u l a r  d i f f e r e n c e s  may a m o u n t  t o  
a s  m uch  a s  , a s  i n  L a m b d o u g h ty  B u r n ,  S t r a i t o n ,  ( p i .  l ) .
T he  b a s e  o f  t h e  C e m e n t s t o n e  G r o u p  c a n  b e  s e e n  b o t h  
i n  t h e  R i v e r  G i r v a n  b e l o u  C l o n c a i r d  ( 3 5 5 0 / 6 ) ,  w h e r e  h a r d  
s a n d s t o n e s ,  c e m e n t e d  w i t h  s i l i c a ,  a n d  g r e y  s h a l e s  w i t h  
c e m e n t  l a y e r s  r e s t  on  p u r p l e ,  g r e e n  a n d  y e l l o w  s a n d s t o n e s  
a n d  c o r n s t o n e s ,  a n d  i n  t h e  L i t t l e t o n  B u r n  n e a r  S t r a i t o n ,  
T h e  t o p  p a r t  o f  t h e  s u b - g r o u p  c o n s i s t s  o f  a n  u n c e r t a i n  
t h i c k n e s s  o f  p i n k ,  r e d ,  g r e e n  a n d  y e l l o w  s a n d s t o n e s ,
Y7ith r e d  a n d  p u r p l e  m a r l s .  T h e  e x p o s u r e s  a r e  p o o r  a n d  
t h e  d i p s  a r e  lo w  a n d  r o l l i n g ,  a n d  t h e  t h i c k n e s s  f o r  t h e  
s u b - g r o u p  a s  a w h o l e  may b e  n o  m o r e  t h a n  6C0 f e e t ,  i n  
s p i t e  o f  i t s  w i d e  o u t c r o p .
O v e r l y i n g  t h e  s u b - g r o u p ,  a s  a t  D a i l l y , t h e r e  i s  a  
s u b - g r o u p  c o n t a i n i n g  m a r l s  a n d  c e m e n t s t o n e s ,  w i t h  a  f e w  
s a n d s t o n e s .  T h i s  i s  b e s t  s e e n  i n  t h e  M e i k l e h o l m  B u r n  
( i ^ l / 0 8 / ) n e a r  P a t n a ;  a  t y p i c a l  m e a s u r e d  s e c t i o n  i s  
s h o w n  i n  j’i g ,  / ,  O s t r a c o d s  a r e  v e r y  a b u n d a n t  i n  some 
b e d s ,  a l o n g  w i t h  worm t r a c k s .
R e d  m i c a c e o u s  s h a l y  s a n d s t o n e s  a r e  p a r t i c u l a r l y  
common n e a r  t h e  t o p  o f  t h e  s u b - g r o u p ,  a l t h o u g h  t h e  t o p  
w a s  n o t  s e e n .  P r o m  b o r e h o l e  i n f o r m a t i o n  t h e  s u b - g r o u p  
i s  a t  l e a s t  ^QO f e e t  t h i c k . .
A b ov e  t h e  r e p r e s e n t a t i v e  o f  t h e  m a r l  s u b - g r o u p  
t h e r e  a p p e a r s ,  i n  tw o  o r  t h r e e  e x p o s u r e s ,  t o  b e  a  t h i n  
d e v e l o p m e n t  o f  r e d  s a n d s t o n e s  a n d  m a r l s ,  p r o b a b l y  t o  b e
1-
P l .  1 .  U n c o n fo rm ity ,  Lambdoughty Burn, S t r a i t o n .
PI .  2 .  Base o f  Cem entstone Group n ea r  S orn .
Photo^ropK r-e.vereeol in prinïino . 
( s e e  P i g .  1 1 ) .
■L.
-Ly •
c o r r e l a t e d  w i t h  t h e  u p p e r  s a n d s t o n e  s u b - g r o u p  o f  D a i l l y .
I t  s e e m s  t o  b e  s u c c e e d e d  b y  a n  a s h  o v e r l a i n  b y  y e l l o w  
s a n d s t o n e s  a n d  c o n g l o m e r a t e s  o f  t h e  U.  C a l c i f e r o u s  
S a n d s t o n e  G r o u p .
C u m n o ck .
O n ly  o n e  s e c t i o n  o f  t h e  C e m e n t s t o n e  G r o u p  i s  t o  b e  
s e e n  i n  t h e  a r e a  s o u t h - e a s t  o f  t h e  K e r s e  L o c h  f a u l t  n e a r  
Cumnock i n  t h e  G a s s  W a t e r  ( 6 3 8 2 2 8 ) .  A b o u t  13O f e e t  o f  
t h e  g r o u p  i s  e x p o s e d ,  w i t h  a g a p  o f  2 1 0  f ^ e t  a b o v e .  The  
l o w e s t  b e d s  a b o v e  t h e  g a p  a r e  a s h y  m u d s t o n e s  a n d  m i c a c e o u s  
s a n d s t o n e s ,  o b v i o u s l y  a t  a  h i g h e r  h o r i z o n  t h a n  t h e  
C e m e n t s t o n e s .  T h e  t h i c k n e s s  o f  t h e  C e m e n t s t o n e  G r o u p  
c a l c u l a t e d  a s  a  r e s i d u a l  t h i c k n e s s  b y  s u b t r a c t i n g  t h e  
t h i c k n e s s  o f  U .  C a l c i f e r o u s  S a n d s t o n e  G r o u p  k n o w n  t o  b e  
p r e s e n t  i n  t h i s  a r e a  f r o m  t h e  t o t a l  t h i c k n e s s  o f  C a l c i ­
f e r o u s  S a n d s t o n e  S e r i e s ,  a p p e a r s  t o  b e  a p p r o x i m a t e l y  
2 5 0  f e e t .
T h e  s e c t i o n  i n  t h e  G a s s  W a t e r  c o n s i s t s  o f  m a s s i v e  
y e l l o w  c u r r e n t - b e d d e d  s a n d s t o n e s  w i t h  g r e y  s h a l e s ,  a n d  
o c c a s i o n a l  v e r y  s a n d y  c e m e n t s t o n e s .  T h e  b a s a l  s a n d ­
s t o n e s  a n d  san d i^  g r e e n  s h a l e s  r e s t  o n  y e l l o w  s a n d s t o n e s  
w i t h  a  c o r n s t o n e  o f  t h e  U ,  O ld  R e d  S a n d s t o n e .
D s l r y m p l e  -  A y r  -  K i l m a r n o c k  -  I l u i r k i r k  R e g i o n .
T h i s  r e g i o n  i s  b o u n d e d  o n  t h e  n o r t h  b y  t h e  
I n c h g o t r i c k  f a u l t ,  o n  t h e  s o u t h  b y  t h e  K e r s e  L o c h  f a u l t ,  
a n d  o n  t h e  e a s t  b y  t h e  L .  P a l a e o z o i c  a r e a  o f  t h e  
L esm ah ago w  I n l i e r .  I t  c o m p r i s e s  t w o  s e p a r a t e  o u t c r o p s  
( f i g .  1 ) ,  t h a t  o f  K i l m a r n o c k - C o a l b u r n ,  a n d  t h a t  o f
. A y r - D a l r y m p l e ,
The  t h i c k n e s s  o f  t h e  C e m e n t s t o n e  G r o u p  o v e r  m o s t  
o f  t h e  r e g i o n  i s  n e v e r  s o  g r e a t  a s  a t  D a i l l y  a n d  P a t n a :  
i t  r a n g e s  f r o m  ICO f e e t  a t  G l e n h u c k  a n d  C o a l h u r n ,  ^ 0 0  
f e e t  b e t w e e n  i l u i r k i r k  a n d  K i l m a r n o c k ,  p o s s i b l y  600  f e e t  
a t  A y r ,  t o  1 ,0 0 0  f e e t  n e a r  D a l r y m p l e .
T h e  m o s t  c o m p l e t e  s e c t i o n  t o  b e  s e e n  i s  o n  t h e  s h o r e  
o n  e i t h e r  s i d e  o f  t h e  v o l c a n i c  v e n t  a t  H e a d s  o f  f i y r .
T h e  s u c c e s s i o n  i s  a l m o s t  c o m p l e t e  a p a r t  f r o m  a  f a u l t e d  
g a p  n e a r  t h e  b a s e ,  a n d  t h e  i n t e r r u p t i o n  d u e  t o  t h o  
v o l c a n i c  v e n t .  T h e  b a s e  h a s  h i t h e r t o  b e e n  m a p p e d  a s  
f a u l t e d ,  b u t  i n  f a c t  i t  c a n  b e  s e e n  a t  lo w  t i d e  o n  t h e  
e x t r e m e  w e s t  s i d e  o f  B r a c k e n  B a y .  T h e  3 .W, f a u l t  t h r o u g h  
B r a c k e n  Bay  c u t s  t h r o u g h  a  f e w  t e n s  o f  f e e t  a b o v e  t h e  
b a s e ,  b u t  p r o b a b l y  d o e s  n o t  r e m o v e  m u ch  t h i c k n e s s .  A t  
t h e  b a s e ,  a  c o n g l o m e r a t e  o f  c o r n s t o n e  p e b b l e s ,  o v e r l a i n  
b y  g r e y  c u r r e n t  b e d d e d  s a n d s t o n e s ,  a n d  g r e y ,  g r e e n  a n d  
b l a c k  s h a l e s  r e s t s  o n  y e l l o w  s a n d s t o n e s  a n d  c o r n s t o n e s  
o f  t h e  U,  O l d  R e d  S a n d s t o n e .  I n  t h e  s e q . u e n c e  b e y o n d  
t h i s  f a u l t  d a r k  g r e y  s h a l e s  c o n t i n u e  t o  t h e  v e n t ,  a n d  
c o n t a i n  c e m e n t s t o n e s  p r i n c i p a l l y  o f  t h e  t y p e  c a l l e d  
' l a y e r e d '  ( s e e  p . 5 4  ) i n  t h e  n e x t  c h a p t e r ,  f i n e  g r e e n  
c a l c a r e o u s  m i c a c e o u s  s a n d s t o n e s  a r e  f a i r l y  common, a n d  
i n c r e a s e  i n  u p w a r d  s e q . u e n c e  i n  n u m b e r  a n d  t h i c k n e s s .
T h e  s a n d s t o n e  o n  t h e  s t e e p  b a n k  s o u t h  o f  t h e  v e n t  i s  
h a r d ,  w h i t e  a n d  c a l c a r e o u s ,  s h o w i n g  s l u m p i n g  a n d  c u r r e n t  
b e d d i n g .
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F i g .  1 1 .  B a s a l  C em en ts to n e  Group m a r ls  r e s t i n g  
on e r o d e d  Upper Old  Red S a n d s t o n e  
n e a r  S o r n .
’ m i c a c e o u s  s a n d s t o n e s ,  som e  f u l l  o f  c o a l y  p l a n t  r e m a i n s ,  
s h a l e s  w i t h  a b u n d a n t  o s t r a c o d s ,  f i s h  r e m a i n s  a n d  
l a m e l l i b r a n c h s ;  a n d  l a y e r e d  c e m e n t s t o n e s ,  a n d  S p i r o r b i s  
l i m e s t o n e s .  T h e r e  a l s o  o c c u r  som e  3 a l l a g a n - t y p e  m a r l s  
a n d  n o d u l a r  c e m e n t s t o n e s ,  b u t  t h e s e  a r e  p r o b a b l y  f a u l t e d  
d o w n .
A s e c t i o n  m e a s u r e d  o n  t h e  s h o r e  5 ^ 0  y a r d s  w e s t  o f  
t h e  v e n t  i s  s u m m a r i s e d  i n  F i g .  8 ,  I n  a s c e n d i n g  t h e  
s u c c e s s i o n  t o Y / a r d s  D e ' i l ' s  D yke  ( 3 0 7 1 9 3 ) > t h e  p r o p o r t i o n  
o f  g r e y  s h a l e  a n d  l a y e r e d  c e m e n t s t o n e  d i m i n i s h e s ,  a n d  
t h e r e  i s  a n  i n c r e a s e  i n  s a n d y  d o l o m i t i c  m a r l s ,  g r e e n  
a n d  r e d  s h a l e s ,  a n d  n o d u l a r  c e m e n t s t o n e s ;  o s t r a c o d s ,  
l a m e l l i b r a n c h s  a n d  s p i r o r b i d s  r e m a i n  common i n  t h e s e  
h i g h e r  b e d s ,  A l i t h o l o g i c a l  s e q u e n c e  t y p i c a l  o f  t h e  
u p p e r  p a r t  o f  t h e  s u c c e s s i o n  i s  q t u o t e d  i n  F i g .  g .
I T o d u l a r  c e m e n t s t o n e s  a r e  v e r y  common j u s t  e a s t  o f  t h e  
D e ' i l ' s  D y k e ,  b u t  i n  t h e  l a s t  f e r ;  f e e t  t h e y  d i s a p p e a r ,  
l e a v i n g  o n l y  f i n e  s i l t y  r e d  a n d  g r e e n  s h a l e s  w i t h  t h i n  
s a n d s t o n e s .
T h e  t o p m o s t  f e w  f e e t  o f  t h e  C e m e n t s t o n e  G r o u p  j u s t  
b e l o w  t h e  G r e e n a n  C a s t l e  a s h  c o n s i s t  o f  g r e y  a n d  r e d  
m i c a c e o u s  c u r r e n t  b e d d e d  s a n d s t o n e s .  I n f o r m a t i o n  f r o m  
b o r e s  a n d  o n e  e x p o s u r e  a t  L i n d s t o n  L o c h  ( 3 / 8 1 6 3 ) s h o w s  
t h a t  i n l a n d  f r o m  Tiyr t h e r e  i s  a  s e q u e n c e  o f  b r o w n ,  g r e e n  
a n d  g r e y  s a n d s t o n e s ,  c o n g l o m e r a t i c  s a n d s t o n e s ,  a n d  r e d  
m a r l s  w i t h  cornp^ n o d u l e s  a t  t h e  t o p  o f  t h e  C e m e n t s t o n e  
g r o u p .  T h e i r  p o s i t i o n  a n d  t h e i r  l i t h o l o g i c a l  s i m i l a r i t y
1 6 .
t o  t h e  u p p e r  a a n d s t o n e  B u b - { ; r o u p  ox D a i l l y  s u g g e s t  a  
p o s s i b l e  c o r r e l a t i o n .
x h e  t h i c k  s u c c e s s i o n  i n  t h e  v i c i n i t y  o f  D a l r y n p l e  
i s  n o t  T / e l l  e x p o s e d ,  o n l y  t h e  b a s a l  f e w  h u n d r e d  f e e t  
b e i n g  s e e n ,  m a i n l y  i n  t h e  R i v e r  D o o n  a n d  i t s  t r i b u t a r i e s  
n e a r  G k e l d o n  a n d  h o l l y  b u s h .  T h e  r o c k s  s e e n  a r e  : : ios t l3 '  
r e d  s h a l e s  a n d  s a n d s t o n e s ,  a  f e w  c e m e n t  s t o n e s , a n d  some 
r e d  m a r l s  w i t h  c o r n s t o n e  n o d u l e s ,  Uome c o n g l o m e r a t i c  
b e d s  o c c u r ,  a n d  t h i c t :  s a n d s t o n e s  p a c k e d  w i t h  l a r g e  p l a n t  
f r a g m e n t s .  T h e  s e q u e n c e  s h o w s  r e m a r k a b l e  s i m i l a r i t y  t o  
t h e  l o w e r  s a n d s t o n e  s u b - g r o u p  o f  D a i l l y .  ( f i g .  1 0 . )
T h e  r o c k s  o f  t h e  I C i l m a r n o c k - G o a l b u r n  o u t c r o p  show 
a s t r o n g  r e s e m b l a n c e  i n  l i t h o l o g y  to '  t h o s e  o f  t h e  H e a d s  
o f  / f v r  s e c t i o n ,  a l t h o u g h  n o  r e  p r o  s  e n t  a t  i  v e  o f  t h e  u p p e r  
s a n d s t o n e  s u b - g r o u p  c o n  b e  d i f f e r e n t i a t e d .  A t  s e v e r a l  
l o c a l i t i e s  w h e r e  i t  i s  c l e a r l ^ ^  e x p o s e d ,  t h e  b a s e  o f  t h i s  
g r o u p  a p p e a r s  t o  r e s t  w i t h  u n c o n f o r m i t y  o r  n o n - s e q u e n c e  
o n  t h e  U ,  O l d  R e d  S a n d s t o n e ,  f o r  e x a m p l e  i n  t h e  T y n d y  
B u r n  ( 5 Ô 7 2 6 5 ) ,  w h e r e  t h e  b a s a l  y e l l o w  s a n d s t o n e s ,  c o n t a i n ­
i n g  p l a n t  r e m a i n s  a n d  f i s h  f r a g m e n t s ,  o v e r l i e  a n  e r o d e d  
m a s s i v e  c o r n s t o n e ;  a n d  i n  t h e  H a r e  B u r n  ( ^ 4 0 ) 7 0 ) ,  g r e y  
c a r b o n i f e r o u s  m a r l s  r e s t  a b r u p t l y  o n  r e d  m a r l s  w i t h  
c o r n s t o n e  n o d u l e s  a n d  s a n d s t o n e s ,  t h e  r e d  m a r l s  b e i n g  
r e d u c e d  t o  a  y e l l o w  c o l o u r  a t  t h e  j u n c t i o n ,  ( P l .  2 ,
F i g .  1 1 ) .
The  t o p  i s  n e a r l i ^  a l w a y s  m a r k e d  b y  a s h e s ,  a n d  s o m e ­
t i m e s  l a v a s ,  a s  a t  U p p e r  l i e i l a r  ( 6 0 2 5 6 1 )  o n  t h e  R i v e r  
A y r ,  w h e r e  m o re  t h a n  2 0  f e e t  o f  l a v a s ,  a s h e s  a n d  a s h y
s a n d s t o n e s  a r o  s e e n  t o  r e s t  o n  t h e  C e m e n t s t o n e  G r o u p ,  
A b ov e  t h e  v o l c a n i c s  t h e r e  a r e  y e l l o w  s a n d s t o n e s  a n d  
b i o c l a s t i c  l i m e s t o n e s  o f  t h e  U .  C a l c i f e r o u s  S a n d s t o n e  
a n d  L .  L i m e s t o n e  G r o u p s .
S a n d y  s h a l e s  a n d  m a r l s  w i t h  c e m e n t s t o n e s  a r e  by  
f a r  t h e  d o m i n a n t  r o c k  t y p e s ,  b o t h  t h e  n o d u l a r  a n d  t h e  
l a y e r e d  v a r i e t i e s  o f  c e m e n t s t o n e  o c c u r r i n g .  A g a i n  a s  
a t  j l y r  t h e r e  i s  a  t e n d e n c y  f o r  n o d u l a r  c e m e n t  s t o n e s  t o  
b e  comm oner  i n  t h e  u p p e r  h a l f  o f  t h e  s e q u e n c e .  T h e  
s p i r o r b i d  l i m e s t o n e s  common i n  t h e  l o w e r  p a r t  o f  / i y r  
a r e  r a r e r  i n  t h i s  a r e a ,  3 o n e  o f  t h e  l i m e s t o n e s  c o n t a i n  
g y p s u m ,  a n d  a c c o r d i n g  t o  i n f o r m a t i o n  f r o m  t h e  D o u r a  b o r e  
( B a i l e y  1 9 J C ,  p .  6 2 ) ( 4 4 6 5 0 6 ) , b e d s  o f  g y p s u m  o c c u r  a t  
d e p t h .  S a n d s t o n e s  a r e  p e r h a p s  m o re  common i n  t h e  
K i l m a r n o c k  t o  C o r n  a r e a  t h a n  a t  Ayr^ a n d  a r e  u s u a l l y  o f  
a  b u f f  c o l o u r .
I n  t h e  B a c k  B u r n  ( 6 7 0 2 9 0 ) ,  n o r t h  o f  G l e n b u c k  
( 7 5 5 5 1 5 ) i a n d  a t  G o a l b u r n  t h e r e  i s  a  g r e a t  i n c r e a s e  i n  
s a n d s t o n e s  a n d  r e d  sandp^ s h a l e s ,  p a r t i c u l a r l y  n e a r  t h e  
b a s e ,  a n d  c o r n s t o n e  c o n g l o m e r a t e s  b e co m e  v e r y  a b u n d a n t .  
T h e  t h i c k n e s s  i s  u s u a l l y  a b o u t  JOO f e e t ,  b u t  a t  G l e n b u c k  
a n d  a t  C o a l b u r n  i t  i s  r e d u c e d  t o  1 0 0  f e e t  o r  l e s s .
F u r t h e r  e v i d e n c e  o f  l o c a l  u n c o n f o r m i t i e s  i s  t o  b e  
s e e n  i n  t h e  C e s s n o c k  Y / a t e r  a t  C r a i g h e a d  F a r m  ( k 9 1 5 ^ 5 ) » 
a n d  i n  t h e  B a c k  B u r n ,  L l u i r k i r k .  T he  e x a m p l e  a t  B a c k  
B u r n  i s  v e r y  o b v i o u s  a n d  i n  a  c l i f f  s e c t i o n  20  f e e t  h i g h  
a n d  ifO f e e t  l o n g ,  t h e  a n g u l a r  d i s c o r d a n c e  o f  d i p  a b o v e
Ift.
Sandy g r « v
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Grey marl
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grey marl P u r p l e  m a r l
P i g ,  1 2 ,  U n c o n fo r m ity  i n  c l i f f  a t  Back B urn ,  
n ea r  M u ir k ir k .
P i g ,  1 5 . R e p r e s e n t a t i v e  s e c t i o n  
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C essn o ck  W a ter , C a r n e l l ,






F i g .  14.. P i g .  15 . P i g .  1 6 .
P i g .  1if. R e p r e s e n t a t i v e  s e c t i o n ,  C essn o c k  W ater ,  
C r a ig h e a d  Farm.
P i g ,  1 5 . R e p r e s e n t a t i v e  s e c t i o n ,  C e ssn o c k  W ater ,  
C r a ig h e a d  Farm.
P i g .  1 6 ,  R e p r e s e n t a t i v e  s e c t i o n ,  C essn o c k  W ater ,  
B l a i r k i p .
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F i g .  1 7 . R e p r e s e n t a t i v e  s e c t i o n ,  Back Burn, 
M u ir k ir k .
P i g .  1 8 . R e p r e s e n t a t i v e  s e c t i o n ,  CoalBurn
F i g .  1 9 . R e p r e s e n t a t i v e  s e c t i o n ,  Lower
C em entStone Group, A uchen reoch  G le n .
pi
P l .  5 . N odular and la y e r e d  c e m e n t s t o n e s , 
M e ik le  C a r le ig h ,  S o r n .
L. l a y e r e d .  N. n o d u la r .
P I . If. B a s a l  s a n d s to n e  and cement s t o n e , 
Auchanmannoch Burn, S o rn .
P l .  5 . B ase o f  C em en tston e Group, Glenbuck,
P I .  6 . Base o f
Cem entStone Group
a t  S t r a t h b l a n e . '
. a n d  b e l o w  t h e  u n c o n f o r u i t y  i s  15 d e g r e e s ,  ( ? i g ,  1 2 . )
/
T y p i c a l  l i t h o l o g i c a l  s é q u e n c e s  a r e  q u o t e d  a l o n g  t h e  
o u t c r o p  f r o n  I t i l n a r n o c k  t o  C o a l b u r n  i n  T i g s . 1 3 - 1 8 .
( S e e  p i s .  2 , 3 ,  4 ,  5 . )
The  C e m e n t  s t o n e  C r o u p  i s  a b s e n t  i n  t h e  v i c i n i t y  o f
t h e  B u r n  A n n e  ( 5 5 0 3 5 ^ )  n e a r  G a l s t o n ,  a n d  a g a i n  a t
S t o n e h o u s e ,  n o r t h  o f  t h e  L esm ahag o w  I n l i e r ,  a n d  e a s t  o f  
C o a l b u r n ,  w h e r e  t h e  G l : /d e  B l a t e a u  L a v a s  come t o  r e s t  o n  
L.  O l d  R e d  S a n d s t o n e ,
T h e  a b s e n c e  o f  C e m e n t  s t o n e  C r o u p  t o  t h e  n o r t h  a n d  
e a s t  i s  p r o b a b l y  d u e  t o  some e x t e n t  t o  o v e r s t e p .
T h e N o r t h e r n  R e g i o n .
T h i s  r e g i o n  r u n s  S . w ,  -  h . B ,  b e t w e e n  t h e  H i g h l a n d  
B o u n d a r y  F a u l t  a n d  t h e  l i n e  o f  t h e  D u s k  t / a t e r  F a u l t .
T he  s u c c e s s i o n  i n  t h i s  r e g i o n  c o n s i s t s  o f  a n  u p p e r
s a n d s t o n e  a r e n a c e o u s  p a r t ,  t h e  S p o u t  o f  B a l l a g a n  S a n d ­
s t o n e ,  a n d  a  l o v / e r  c e m e n t  s t o n e  p a r t .  T h e  f u l l e s t  
d e v e l o p m e n t  o f  b o t h  p a r t s  o c c u r s  i n  t h e  o u t c r o p  r u n n i n g  
f r o m  S t i r l i n g  t o  S t r a t h b l a n e ,  a n d  i n  t h e  D u m b a r t o n  a r e a .  
A t  S t r a t h b l a n e  t h e  c e m e n t s t o n e  p a r t  o f  t h e  g r o u p  i s  éCO 
f e e t  t h i c k ,  a n d  c o n s i s t s  o f  g r e y  a n d  r e d  m a r l s  e n d  
s h a l e s ,  w i t h  n o d u l a r  c e m e n t s t o n e s  a n d  some t h i c k  s a n d ­
s t o n e s ,  A t  t h e  b a s e  a b o u t  f e e t  o f  l i m y  s a n d s t o n e s  
w i t h  g r e e n  s a n d y  s h a l e s  r e s t  o n  e r o d e d  r e d  m a r l s  w i t h  
c o r n s t o n e 8 ( P l .  6 ) .  T h e y  a r e  o v e r l a i n  b y  t h e  f i r s t  
c e n i e n t s t o n e  b a n d s ,  a l m o s t  a l l  o f  w h i c h  a r e  n o d u l a r .
A b o u t  2 5 0  f e e t  a b o v e  t h e  b a s e  t h i c k  h a r d  b u f f  c u r r e n t
■ b e d d e d  s a n d s t o n e s  o c c u r  amongst t h e  s h a l e s  a n d  c e m e n t -  
s t o n e s .  Towards t h e  t o p ,  r e d  s h a l e s  an d  m a r l s  become 
more common, GS-ypsum i s  common i n  s h e e t s  p a r a l l e l  t o  
t h e  b e d d i n g  and  i n v e r t i c a l  j o i n t s .
I n  t h e  S t r a t h b l a n e  a r e a  t h e  j u n c t i o n  w i t h  t h e  
o v e r l y i n g  S p o u t  o f  B a l i a g a n  S a n d s t o n e  i s  n o t  s e e n .  The 
s a n d s t o n e  i s  30O f e e t  t h i c k ,  a n d  c o n s i s t s  a l m o s t  e n t i r e l y  
o f  b u f f  a n d  y e l l o w  s a n d s t o n e s  a n d  c o n g l o m e r a t e ,  w i t h  a  
l i t t l e  s a n d y  m a r l s ;  s o m e t i m e s  p l a n t  r e m a i n s  a r e  f o u n d  
i n  t h e  s a n d s t o n e s .  A u c h e n r e o c h  C l e n  ( i fC O /ô J )  i s  s i m i l a r  
t o  S t r a t h b l a n e  a n d  p r o v i d e s  a n  e x c e l l e n t  s e c t i o n ,  r e d  
s h a l e s  a n d  h a r d  y e l l o w  c a l c a r e o u s  s a n d s t o n e s  b e i n g  p e r h a p ^  
m o re  a b u n d a n t  t h a n  a t  S t r a t h b l a n e  ( F i g ,  1 9 . )  I n  t h e  
O v e r t o w n  B u r n  ( 4 2 2 7 6 0 ) ,  ( F i g .  2 0 ) ,  2 m i l e s  N .B .  o f  
D u m b a r t o n  C a s t l e ,  a  g o o d  s e c t i o n  i n  t h e  S p o u t  o f  B a l l a g a n  
S a n d s t o n e  i s  e x p o s e d .  A g a i n  i t  c o n s i s t s  o f  2 0 0  f e e t  o f  
y e l l o w  s a n d s t o n e s  a n d  c o n g l o m e r a t e s ,  b u t  c o r n s t o n e s ,  o n e  
a f e w  f e e t  t h i c k ,  a l s o  o c c u r .
T he  c e m e n t s t o n e s  a n d  t h e  S p o u t  o f  B a l l a g a n  S a n d ­
s t o n e  a r e  i n t e r b e d d e d ,  a t h i n  s e q u e n c e  o f  m a r l s  a n d  
c e m e n t s t o n e s  o c c u r r i n g  among t h e  m a s s i v e  b a s a l  s a n d s t o n e s  
o f  t h e  S p o u t  o f  B a l l a g a n  S a n d s t o n e ,  a t  t h e  t o p  o f  w h i c h  
l i e  t h e  C l y d e  P l a t e a u  L a v a s ,
IT.F. o f  t h e  D u m b a r t o n  a r e a  t h e  c e m e n t  s t o n e s  a p p e a r  
t o  t h i n  o u t .  N e a r  Den  B ow ie  ( 3 4 0 8 3 0 )  , H e l e n s b u r g h ,  
t h e  S p o u t  o f  B a l l a g a n  S a n d s t o n e  i s  p r o b a b l y  a b o u t  2 CO 
f e e t  t h i c k ,  a n d  t h e  c e m e n t  s t o n e s  a b o u t  1 0 0  f e e t .  T h e
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P i g .  2 0 . P i g .  2 1 , P i g .  2 2 ,
P i g .  2 0 .  R e p r e s e n t a t iv e  s e c t i o n ,  Lower C em entston e  
Group, Overtown Burn, Dumbarton,
P i g ,  2 1 ,  R e p r e s e n t a t iv e  s e c t i o n ,  Lower S a n d sto n e
Group, L i t t l e  C o r r ie  o f  B a l g l a s s , ' P i n t r y ,
P i g ,  2 2 ,  R e p r e s e n t a t iv e  s e c t i o n .  Lower C em entstone  
Group, C am psie ,
- c e m e n t  St  o n e  p a r t  s e e n  i n  a iev ;  b u r n s  t o  t h e  U .E .  o f  
H e l e n s b u r g h  sh o w s  a  d i m i n u t i o n  i n  g r e y  s h a l e  a n d  
n o d u l a r  c e m e n t s t o n e s ,  a n d  a n  i n c r e a s e  i n  r e d  s a n d y  
s h a l e s  a n d  m a r l s ,  a n d  t h e  n o d u l a r  c e m e n t s t o n e s  t h a t  
o c c u r  a r e  r e d .
IT.E. t o  F i n t r y  a n d  S t i r l i n g  b o t h  p a r t s  p e r s i s t ,  t h e  
C e m e n t s t o n e s  ( F i g .  2 l )  m a i n t a i n i n g  a  t h i c h n e s s  o f  5^ 0 -  
é c c  f e e t ,  b u t  t h e  S p o u t  o f  B a l l a g a n  S a n d s t o n e  s e e m i n g  
t o  t h i n  f r o m  2 0 0  f e e t  a t  L i t t l e  C o r r i e  ( 5 7 5 ^ ^ 5 ) t o  l ^ C  
f e e t  j u s t  b e f o r e  C a r g u n n o c k  ( / l O J j O ) . T h e  t h i n n i n g  o f  t h e  
o u t c r o p  o f  t h e  C e m e n t s t o n e  G r o u p  i s  p r o b a b l y  d u e  t o  a n  
e x t e n s i o n  o f  t h e  A b b e y  C r a i g  F a u l t ,  (Dunham ( l $ ) 2) p . g ) .
I n  G a r g u n n o c l i  B u r n  t h e  c e m e n t s t o n e s  a r e  f a u l t e d  a g a i n s t  
t h e  S p o u t  o f  B a l l a g a n  S a n d s t o n e  w h i c h  i s  d o w n f a u l t e d  
t o  t h e  s o u t h ,  w i t h  a c o n s e g . u e n t  l o s s  o f  a n  u n k n o w n  t h i c k ­
n e s s  o f  c e n i e n t s t o n e  s e d i m e n t s .  T h e  i n t e r p r e t a t i o n  o f  
t h i s  f a u l t  a s  a n  e x t e n s i o n  o f  t h e  A b b e y  C r a i g  F a u l t ,  i s  
d i f f e r e n t  f r o m  t h e  a r r a n g e m e n t  s h o w n  i n  F i g .  1 o f  t h e  
S t i r l i n g  a n d  C l a c k m a n n a n  C o a l f i e l d  Lienioir  ( 1 5 5 9 ) > w h e r e  
t h e  A b b e y  C r a i g  F a u l t  i s  sh o w n  s e p a r a t i n g  t h e  U .  O l d  R e d  
S a n d s t o n e  f r o m  t h e  C e n i e n t s t o n e  G r o u p ,  H o w e v e r ,  t h e r e  
a p p e a r s  t o  b e  a n  u n f a u l t e d  s e q u e n c e  w i t h o u t  a  b r e a k  f r o m  
t h e  U.  O l d  R e d  S a n d s t o n e  i n t o  t h e  C e m e n t  s t o n e  G r o u p .
I n  l i t h o l o g y  t h e  G r o u p  d o e s  n o t  show  g r e a t  v a r i a t i o n  
t o  t h e  H . D . ; t h e  b a s a l  g r e e n  s h a l e s  a n d  s a n d s t o n e s  a r e  
t h i c k e r  t h a n  a t  S t r a t h b l a n e ,  a n d  l a y e r e d  c e m e n t s t o n e s  
a r e  m ore  common. T h e  S p o u t  o f  B a l l a g a n  S a n d s t o n e  c o n -  
 ^ t a i n s  c o r n s t o n e s  a m o n g s t  t h e  m a s s i v e  a n d  o f t e n
^ 1 .
c o n g l o m e r a t i c  s a n d s t o n e c ;  c o r n s t o n e  c o n g l o m e r a t e s  a r e  
common a t  t h e  b a s e ,
E x p o s u r e s  on  t h e  S o u t h  F a c e  o f  t h e  C a m p s ie  F e l l s , 
T h e s e  s e c t i o n s  a l o n g  t h e  f r o n t  o f  t h e  C a m p s i e  
e s c a r p m e n t  a r c  m o s t l y  i n c o m p l e t e ,  t h e  b a s e  b e i n g  down 
t h r o u g h  b e l o w  s u r f a c e  l e v e l  b y  t h e  C a m p s i e  F a u l t .  The  
s e c t i o n s  a r e  t o  b e  s e e n  a t  B a l l a g a n  ( 5 7 5 ^ 0 0 ) ,  F i n  
G l e n  ( 6 0 0 7 9 9 ) ,  G a a p s i c  ( 6 lO / 9 3  ( ? i g .  2 2 ) )  a n d  K i l s y t h  
( 7 5 0 2 2 0 ) .
A t  B a l l a g a n  2 0 0  f e e t  o f  t h e  t o p m o s t  p a r t  o f  t h e  
c e m e n t s t o n e s  a r e  e x p o s e d .  T h e  s e q .u e n c e  m o s t l y  c o n s i s t s  
o f  g r e y  a n d  r e d  m a r l s  w i t h  some d a r k  g r e y  s h a l e s ,  w i t h  
n u m e r o u s  n o d u l a r  c e m e n t s t o n e  b a n d s ,  a s  man^^ a s  ICC b a n d s  
i n  1 5 0  f e e t ,  ( B a i l e y  d  O t h e r s  1 5 2 5 ,  p .  1 1 ) .  h i c a c e o u s  
c u r r e n t - l a m i n a t e d  s a n d s t o n e s  a r e  common, a n d  g y p su m  
o c c u r s  i n  t h e  m a r l s  a n d  n o d u l a r  c e m e n t s t o n e s ,  b o t h ' i n  
h o r i z o n t a l  a n d  i n  v e r t i c a l  s h e e t s .  T o w a r d s  t h e  t o p ,  o n e  
o r  t w o  b u f f  s a n d s t o n e s  a r e  i n t e r b e d d e d  w i t h  s h a l e s  a n d  
r e d d i s h  c e m e n t s t o n e s .  T h e s e  b e d s  a r e  o v e r l a i n  b y  t h e  
c u r r e n t  b e d d e d  S p o u t  o f  B a l l a g a n  S a n d s t o n e ,  ^ 0  t o  k-C 
f e e t  t h i c k ,  a n d  f i n a l l y  b y  t h e  C l y d e  P l a t e a u  L a v a s .  
F ' i t h i n  t h e  S p o u t  o f  B a l l a g a n  S a n d s t o n e  a r c  r e d  a n d  g r e e n  
s a n d y  m a r l s .
A t  F i n  G l e n  t h e  s u c c e s s i o n  i s  f a u l t e d  a t  b o t h  t o p  
a n d  b o t t o m ,  b u t  i n  C a m p s i e  G l e n ,  o n e  m i l e  f u r t h e r  e a s t ,  
t h e  c e m e n t s t o n e s  a r e  c l e a r l y  f o l l o w e d  b y  l a v a s  a n d  s a n d y  
a s h y  m u d s t o n e s ,  t h e  S p o u t  o f  B a l l a g a n  S a n d s t o n e  b e i n g  
a b s e n t .  A t  G o r r i e b u r n  ( 7 G0 7 5 p) t h e  l a v a s  r e s t  o n  U.  O l d
' R o d  S a n d s t o n e ,  a n d  i n  t h e  G a r r e l  B u r n  ( / l û / S S )  j u s t  
t o  t h e  e a s t  o f  G o r r i e b u r n ,  o n l y  a  f e w  f e e t  o f  s a n d y  
g r e e n  s h a l e s ,  a n d  r o t t e n  y e l l o w  ^ / e s t h e r i n g  n o d u l a r  
l i m e s t o n e s ,  w h i c h  may r e p r e s e n t  t h e  C e m e n t s t o n e  G r o u p ,  
i n t e r v e n e  b e n e a t h  t h e  l a v a s .  Gome 50 f e e t  o f  n o r m a l  
B a l l a g a n  t y p e  c e m e n t s t o n e s  a n d  m a r l s  a r e  p z ^ c s e n t  i n  t h e  
B a n t o n  B u r n  ( / p l 8 o $ )  n o r t h  o f  K i l s y t h ,  a t  a  h o r i z o n  
p r e s u m a b l y  f a r  b e l o w  t h e  Gp o u t  o f  B a l l a g a n  S a n d s t o n e ,
I t  h a s  b e e n  s u g g e s t e d  ( B a i l e y  & O t h e r s  I 5 2 5 ,  p . 1 2 ) 
t h a t  m o s t  o f  t h e  C e m e n t s t o n e  G r o u p  a t  B a l l a g a n  a n d  
C a m p s i e  i s  e q u i v a l e n t  t o  t h e  b a s a l  l a v a s  a t  G o r r i e b u r n ,  
a s  s h o w n  b y  a n  i n t e r b e d d i n g  o f  l a v a s  a n d  c e m e n t s t o n e s  
a t  G o r r i e b u r n  a n d  K i l s y t h ,  a n d  b y  t h e  c o n t i n u i t y  o f  
l a v a s  o f  J e d b u r g h  t y p e  f r o m  t h e  t o p  o f  t h e  U ,  O l d  R e d  
S a n d s t o n e  i n t o  t h e  C l y d e  F l a t e a u  L a v a s ,  T h e  d a t i n g  o f  
t h e  l o w e s t  l a v a s  i s ,  h o w e v e r ,  b a s e d  o n  m i s i d e n t i f i c a t i o n  
o f  C e m e n t s t o n e  G r o u p  s e d i m e n t s ,  o r  on  t h e  m i s i n t e r p r e ­
t a t i o n  o f  t h e  l o c a l  r e l a t i o n s h i p  o f  t h e  C e m e n t s t o n e  
G r o u p  t o  t h e  l a v a s ;  a n d  t h e  l o c a l  o c c u r e n c e  o f  J e d b u r g h  
b a s a l t  i n  t h e  u p p e r m o s t  p a r t  o f  t h e  O l d  R e d  S a n d s t o n e  
i s  p r o b a b l y  a  s i l l ,  g e o p h y s i c a l  e v i d e n c e  i n t e r p r e t e d  
b y  D r .  D, R .  R o v m l l  i n d i c a t i n g  a  d i s c r e p a n c y  i n  d i p  
b e t w e e n  t h e  i g n e o u s  r o c h  a n d  t h e  O l d  R e d  S a n d s t o n e  o f  
10 d e g r e e s .
T h e  r e g i o n a l  b r e a k  a t  t h e  b a s e  o f  t h e  C e m e n t s t o n e s  
i n  t h e  w e s t  o f  t h e  m i d l a n d  V a l l e y  s u g g e s t s  o n  t h e  
c o n t r a r y  t h a t  t h e  l a v a s  a r e  r e s t i n g  d i s c o r d a n t l y  o n  t h e
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u .  O l d  R e d  S a n d s t o n e  a t  G o r r i e b u r n ,  t h e  C e m e n t s t o n e s  
b e i n g  o v e r s t e p p e d  o r  o v e r l a p p e d  ( d i g ,  2 p ) . T h e  S p o u t  
o f  B a l l a g a n  S a n d s t o n e  a t  t h e  t o p  o f  t h e  C e m e n t s t o n e  G r o u p  
i s  JCO f t ,  t h i c k  a t  S t r a t h b l a n e  w h e r e  i t  i s  d e f i n i t e l y  
c o n f o r m a b l e  t o  t h e  b e d s  b e n e a t h ,  t h i n s  e a s t v / a r d s  t o  2f5 f t .  
S t  B a l l a g a n ,  a n d  f i n a l l y  d i s a p p e a r s  w e s t  o f  C a m p s i e ,  
w h e r e  l a v a s  r e s t  o n  c e m e n t s t o n e s  p r e s u m a b l y  b y  o v e r s t e p  
o f  t h e  o r d e r  o f  1 ^ / 4  d e g r e e s .  E a s t  f r o m  G o r r i e b u r n  t h e  
C e m e n t s t o n e s  g r a d u a l l y  a p p e a r  a g a i n ,  i n  t h e  o t h e r  s i d e  
o f  t h e  i n f e r r e d  u p w a r p ,  u n t i l  a t  K i l s y t h  t h e y  a r e  a t  
l e a s t  a  f e w  t e n s  o f  f e e t  t h i c k .
G r e e n o c k  A r e a .
T h e  G r e e n o c k  a r e a  e x t e n d s  f o r  s e v e r a l  m i l e s  s o u t h  
o f  L o c h  Thorn t o  G r e e n o c k  i t s e l f ;  i n  i t  t h e  C e m e n t s t o n e s  
e r e  g e n e r a l l y  t h i n  -  l e s s  t h a n  ICO f e e t .  A t  C u t e r w a r d s  
( 2 3 0 6 7 0 ) ,  5 m i l e s  K . K . 2 , o f  L a r g s ,  w h e r e  t h e y  c o n s i s t  
m o s t l y  o f  v e r y  s a n d y  r e d  a n d  g r e e n  s h a l e s  a n d  s a n d s t o n e s ,  
w i t h  a  f e w  c e m e n t s t o n e s ,  t h e y  r e s t ,  w i t h  a  b a s a l  c o n g l o ­
m e r a t e  v / i t h  c o r n s t o n e  p e b b l e s ,  o n  m a r l s  a n d  c o r n s t o n e s  
o f  t h e  U, O l d  h a d  S a n d s t o n e ,  f u r t h e r  n o r t h  a t  R o t t e n b u r n  
( 2 5 0 6 5 0 )  t h e  t h i c k n e s s * s e e m s  t o  b e  o f  t h e  o r d e r  o f  50  
f e e t ,  i n c r e a s i n g  t o  / O - I C O  f e e t  w e s t  o f  L o c h  Thom, a n d  
t o  1 70  f e e t  j u s t  s o u t h  o f  t h e  l o c h  ( f i g .  Bg;  f l .  7 ) *
A r o u n d  G r e e n o c k  i t s e l f  e x p o s u r e s  a r e  m e a g r e ,  b u t  t h e  
t h i c k n e s s  s e e m s  t o  b e  m o r e  t h a n  ICO f e e t ,  a n d  t h e  
l i t h o l o g y  i s  m o re  a k i n  t o  t h a t  o f  B a l l a g a n .
S u c c e e d i n g  t h e  C e m e n t s t o n e s  i s  a  t h i c k  r e p r e s e n t a t i v e
0P l .  7* C em entston e Group a t  Loch Thom,
7
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, o f  t h e  S p o u t  o f  B a l l a g a n  S a n d a t o n o .  A t  G u t e r w a r d a  i t  
a p p e a r s  t o  b e  o f  t h e  o r d e r  o f  JCO f e e t  t h i c k ,  b u t  w e s t  
o f  L o c h  Thom i t  may r e a c h  pCO f e e t ,  u n l e s s  t h e r e  i s  
r e p e t i t i o n  b y  s t r i k e  f a u l t i n g .  L i t h o l o g i c a l l e r  ± t  i s  
n o r m a l  i n  c o n s i s t i n g  o f  m a s s i v e  w h i t e  a n d  p i n k i s h  c u r r e n t  
b e d d e d  s a n d s t o n e s ,  s o m e t i m e s  c o n g l o m e r a t i c ,  w i t h  
o c c a s i o n a l  t h i c k  c o r n s t o n e s ,  c o r n s t o n e  c o n g l o m e r a t e s ,  a n d  
r e d  m a r l s ,  f u r t h e r  w e s t  on  t h e  s h o r e  s o u t h  o f  G o u r o c k  
t h e r e  a r e  n o  e x p o s u r e s  o f  u n d o u b t e d  C e m e n t s t o n e s ,  a n d  i t  
i s  d i f f i c u l t  t o  d i s t i n g u i s h  f r o m  G p o u t  o f  B a l l a g a n  
S a n d s t o n e .
B u t e  a n d  C u n b r a e .
I n  B u t e  t h e  s e q u e n c e  i s  b r o k e n  b y  f a u l t i n g ,  a n d  
a l t h o u g h  i t  i s  n o t  p o s s i b l e  t o  m e a s u r e  t h e  f u l l  t h i c k n e s s ,  
b o t h  t h e  C e m e n t s t o n e s  a n d  t h e  S p o u t  o f  B a l l a g a n  S a n d ­
s t o n e  may b e  i d e n t i f i e d .  T h e  e x p o s u r e s  o n  t h e  w e s t  s i d e  
o f  L l i l l p o r t  o n  C u m b ra e  a r e  m uch  m o re  c o m p l e t e .
T h e  l o w e r  p a r t  o f  t h e  C e m e n t s t o n e s ,  i t s  b a s e  
f a u l t e d  o u t ,  i s  c o m p o s e d  m o s t l y  o f  r e d  m a r l s ,  w i t h  f r e ­
q u e n t  b a n d s  o f  c o r n s t o n e  c o n g l o m e i ^ a t e , a n d  i s  s u c c e e d e d  
by  g r e y  s a n d y  s h a l e s  w i t h  p l a n t  r e m a i n s ,  h a r d  l i m y  c o n ­
g l o m e r a t i c  c u r r e n t  b e d d e d  s a n d s t o n e s ,  g r e y  m a r l s  a n d  
n o d u l a r  c e m e n t s t o n e s  ( p l .  8 ) ;  a  m in im um  t h i c k n e s s  o f  ICO 
f e e t  i s  s u g g e s t e d .  T h e  C e m e n t s t o n e s  a r e  s u c c e e d e d  by  
t y p i c a l  G p o u t  o f  B a l l a g a n  C a n d s t o n e ,  w i t h  m a r l s  a n d  
c o r n s t o n e s ,  w h i c h  h a s  a  m in im um  t h i c k n e s s  o f  I5C  f e e t , 
b u t  w h i c h  may b e  a l m o s t  3 0 0  f e e t  t h i c k .
A r r a n .  T h e  Tn.-’r a n  s u c c e s s i o n  c o m p a r e s  c l o s e l y  w i t h
t h a t  a t  C u m b r a e ,  I n  t h e  L a g g a n  (39C5CO) s e c t i o n  
( T y r r e l l  1 5 2 8 ,  p .  4.5) 2 0  f e e t  o f  g r e y  m a r l s ,  c e m e n t ­
s t o n e s  , t h i n  c u r r e n t  l a m i n a t e d  s a n d s t o n e s  e n d  c o r n s t o n e  
c o n g l o m e r a t e s ,  r e s t i n g  o n  c o r n s t o n e s  a n d  r e d  s a n d s t o n e s  
o f  t h e  U. O l d  Red S a n d s t o n o ,  a r e  f o l l o w e d  b y  p e r h a p s  JOG 
t o  6C0 f e e t  o f  w h i t e  a n d  p in ie  c o n g l o m e r a t i c  c u r r e n t  
b e d d e d  s a n d s t o n e s ,  w i t h  r e d  m a r l s  a n d  c o r n s t o n e  n o d u l e s ,  
l i t h o l o g i c a l l y  t y p i c a l  o f  t h e  S p o u t  o f  B a l l a g a n  S a n d ­
s t o n e ,  T h e s e  s a n d s t o n e s  a r e  s u e c e c e d e d  b y  t h i n  y e l l o w  
s a n d s t o n e s ,  a s h y  s a n d s t o n e s ,  g r e y  a n d  b l a c k  c a r b o n a c e o u s  
s h a l e s ,  w h i c h  a p p e a r  t o  r e s t  on  t h e  e r o d e d  t o p  o f  t h e  
p i n k  a n d  w h i t e  s a n d s t o n e s .  T h e s e  a s h y  b e d s ,  f r o m  w h i c h  
V u n s c h  ( 1 8 6 5 )  o b t a i n e d  h i s  f o s s i l  t r e e s ,  p a s s  u p w a r d  i n t o  
a s h e s  a n d  l a v a s  o f  t h e  C l y d e  P l a t e a u  L a v a s ,  To t h e  
s o u t h  a t  C o r r i e  ( 0 2 3 4 4 -2 ) t h e  l a v a s  c o n e  t o  r e s t  d i r e c t l y  
o n  t h e  U. O l d  R e d  S a n d s t o n e  ( T y r r e l l  1 9 2 3 , p .  5 2 ) ,  a n d  i t  
m u s t  b e  a s s u m e d  t h a t  t h e  d i s a p p e a r a n c e  o f  p e r h a p s  4OO 
f e e t  o f  t h e  C e m e n t  s t o n e s  i n  a d i s t a n c e  o f  3 m i l e s  i s  d u e  
m a i n l y  t o  o v e r s t e p ,  a s  o v e r l a p  t o  t h e  s o u t h  a p p e a r s  t o  
b e  c o n t r a d i c t e d  b y  t h e  c r o s s  b e d d i n g  ( f i g .  2 8 ) .  f u r t h e r  
t o  t h e  S . b ' .  n e a r  C a m p b e l t o w n ,  ( h c C a l l i e n  1 9 3 0 , p .  6 0 0 ) , 
t h e  C l y d e  P l a t e a u  L a v a s  r e s t  w i t h  a n g u l a r  u n c o n f o r m i t y  
o n  t h e  U. O l d  R e d  S a n d s t o n e  ( p l .  9 )*
h .  I r e l a n d .
C u l t r a , B e l f a s t  L ough .
Rocks o f  C e m e n t s to n e  G roup  t y p e  o ccu p y  a s m a l l  
s t r i p  on t h e  c o a s t  a t  C u l t r a  an d  Kolyivood (L am plugh ,
1 8 7 1 ,  p .  3 3 ) .  The r e l a t i o n s h i p  t o  t h e  s u r r o u n d i n g  L,
z.ai/05
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P l .  1 0 .  S h a l e s ,  f i n e  s a n d s to n e s  and la m e l l ib r a n c h
m u d ston es  n ea r  D ra p er s to w n , Co. L ond onderry .
P a l a e o z o i c  r o c k s  i s  o b s c u r e  a n d  m i g h t  w e l l  b e  f a u l t e d .  
T he  b e d s  a r e  a l s o  f a u l t e d  a g a i n s t  P e r m i a n  a n d  T r i a s s i c  
r o c k s .  A t  t h e  b a s e  o f  t h e  v i s i b l e  s e c t i o n  a r e  2 0  t o  JO 
f e e t  o f  r e d  y e l l o w  a n d  g r e e n  s a n d s t o n e s  w i t h  r e d  m a r l s .  
A b o v e ,  g r e y  a n d  r e d  s h a l e s  w i t h  s a n d s t o n e s  a n d  c e m e n t -  
s t o n e s  a r e  f o u n d ,  o v e r l a i n  t o  t h e  w e s t  o f  t h e  q u a y  a t  
C u l g r a  b y  t y p i c a l  l a y e r e d  c e m e n t s t o n e s  a n d  m a r l s , w i t h  
l a m e l l i b r a n c h  m u d s t o n e s  a n d  s a n d s t o n e s .
A p a r t  f r o m  t h e  s i m i l a r i t y  i n  l i t h o l o g y  b e t w e e n  t h e  
C u l t r a  r o c k s  a n d  t h o s e  o f  t h e  L l i d l a n d  V a l l e y ,  t h e  
o s t r a c o d s  f o u n d  a t  C u l t r a  p r o v i d e  e v i d e n c e  f o r  a s s i g n i n g  
. t h e s e  b e d s  t o  t h e  C e m e n t s t o n e  C r o u p  ( s e e  
A l g a l  r e m a i n s  s i m i l a r  t o  t h o s e  f o u n d  i n  t h e  m a i n  A l g a l  
S e r i e s  o f  h .  V .  E n g l a n d  h a v e  a l s o  b e e n  f o u n d . .
At one t im e  t h e s e  b e d s  w ere  r e f e r r e d  t o  t h e  Lower Lime­
s t o n e  C ro u p ,  L i t h o S t r o t i o n  ju n c e u m , h a v i n g  b e e n  r e c o r d e d  
(Lamplugh l 8 / l ,  p. J J ) , I n  t h e  p r e s e n t  e x a m i n a t i o n  no 
f o s s i l s  o f  t h i s  t y p e  w ere  s e e n ,  a n d  t h e  n a t u r e  o f  t h e  
s e d i m e n t s  s u g g e s t s  t h a t  t h e y  w o u ld  n o t  c o n t a i n  f o s s i l s  
s u c h  as  L. junceui i i . The s e d i m e n t s  a r e ,  i n  f a c t ,  com ple­
t e l y  d i f f e r e n t  f r o m  t h e  n e a r e s t  r e p r e s e n t a t i v e  o f  t h e  
Lower L im e s to n e  G roup  a t  C a s t l e  E s p i e ,
D r a p e r s t o w n , S ,  L o n d o n d e r r y ,
S e d i m e n t s  r e s e m b l i n g  t h e  C e m e n ts to n e  G roup o f  t h e  
h i d l a n d  v a l l e y  a r e  t o  be  s e e n  i n  t h e  V h i t e  V a t o r  a n d  t h e  
A l t a g o a n  R i v e r  n e a r  D r a p e r s to w n ,  They r e s t  on r e d ,  
p i n k  an d  y e l l o w  c a l c a r e o u s  s a n d s t o n e s  a n d  m a r l s ,  w i t h
•• c o r n s t o n e s  w h i c h  w e r e  o r i g i n a l l y  m apped  a s  ^ a l c i f e r o u s  
S a n d s t o n e  S e r i e s  ( E g a n  l 3 3 l ,  p . 2 0  ) ,  b u t  t h e y  a r e  now 
b e l i e v e d  t o  b e l o n g  t o  t h e  U .  O l d  R e d  S a n d s t o n e .  T he  
b a s e  o f  t h e  C e m e n t s t o n e  G r o u p  i s  n o t  e x p o s e d ,  a n d  t h e  
l o w e s t  b e d s  s e e n  a r e  r e d  a n d  g r e y  s a n d y  m a r l s  w i t h  t h i n  
s a n d s t o n e s .  T h e  r e s t  o f  t h e  g r o u p  c o n s i s t s  o f  g r e y  s h a l e s  
a n d  l a m e l l i b r a n c h  m u d s t o n e s ,  f i n e  c u r r e n t  b e d d e d  s a n d ­
s t o n e s ,  a n d  l a y e r e d  c e m e n t s t o n e s .  T h e  b e d s  o v e r l y i n g  
t h e  C e m e n t s t o n e  G r o u p  a r e  c o n g l o m e r a t i c  b i o c l a s t i c  
l i m e s t o n e s  o f  t h e  l i m e s t o n e  s e r i e s ,  ( p r o b a b l y  e q u i v a ­
l e n t  t o  t h e  U p p e r  p a r t  o f  t h e  C a l c i f e r o u s  S a n d s t o n e  
S e r i e s ,  a n d  e l s e w h e r e  k n o w n  t o  b o  o f  3 2 a g e  ( l a d g e t  
1 9 5 2 ,  p .  4 ) ,  To  t h e  n o r t h ,  n e a r  a n d  b e y o n d  D u n g i v e n ,  
t h e  C e m e n t s t o n e  G r o u p  s e e m s  t o  h a v e  d i s a p p e a r e d ;  a t  
B a l l y c a s t l e ,  v o l c a n i c  r o c k s ,  p r o b a b l y  t o  b e  c o r r e l a t e d  
w i t h  t h o s e  o f  S .  h i n t y r e , r e s t  w i t h  o v e r s t e p  on  t h e  
U.  O ld  R e d  S a n d s t o n e ,
CHAPTBH 3 . THE SEDIMEOTS o f  t h e  CEMENTSTONE
________________GROUP_________________
S e c t i o n  1 . F a c i e s  V a r i a t i o n
I n  o r d e r  t o  d i s c u s s  t h e  v a r i a t i o n  i n  f a c i e s  i t  i s
c o n v e n ie n t  t o  c o n s id e r  s e p a r a t e l y  an u pper and a lo w er
d i v i s i o n  o f  th e  C em entston e Group, th e  Spout o f  B a l la g a n
S a n d sto n e  and i t s  e q u i v a l e n t s  i n  t h e  N o rth ern  R e g io n ,
and t h e  upper sa n d s to n e  su b -g r o u p  o f  D a i l l y  and Patna
c o m p r is in g  t h e  Upper C em en tstone Group; and t h e  m ixed
group  o f  sa n d s to n e s ,  s h a l e s  and c e m e n ts to n e s  b en ea th  t h e s e
u n i t s  c o m p r is in g  t h e  Lower C em entstone Group ( s e e  P i g .  2 ) .
S in c e  t h e r e  i s  no i n d i c a t i o n  o f  d i f f e r e n t i a l  e r o s i o n  a t
t h e  b a se  o f  t h e  C em entstone Group b etw een  Ayr and D a i l l y ,
i t  i s  s u g g e s t e d  t h a t  th e  b a s a l  su b -g r o u p  o f  D a i l l y  i s
e q u iv a le n t  i n  age t o  t h e  lo w er  p a rt  o f  th e  C em en tston es
a t  A yr. The m arl su b -g r o u p ,  b e c a u se  o f  i t s  s t r o n g
re se m b la n c e  t o  t h e  upper p a r t  o f  t h e  C em en tsto n es  a t
Ayr i s  a l s o  th o u g h t  t o  be r e p r e s e n t e d  t h e r e .  The a b sen ce
o f  t h e  e q u iv a le n t  o f  th e  lo w er  s a n d s to n e  su b -g ro u p  from
t h e  Ayr a r e a  w ould  t h e r e f o r e  i n v o l v e  a la r g e  b rea k  i n
t h e  s u c c e s s i o n ,  b u t  no e v id e n c e  o f  t h i s  i s  s e e n .  Thus
t h e  C em en tston es  o f  Ayr and K ilm arnock  a re  c o r r e l a t e d
w ith  th e  b a s a l ,  lo w e r  s a n d s to n e ,  and m arl su b -g ro u p s  o f
th e  D a i l l y  -  Patna r e g i o n .  S in c e  t h e  Spout o f  B a l la g a n
S a n d sto n e  and t h e  u p p er  sa n d s to n e  su b -g ro u p  b o th  c o n s i s t
o f  c o a r s e  c o n g lo m e r a t ic  -  sa n d s to n e  -  m arl -  c o r n s to n e s
and form  th e  topm ost p a rt  o f  t h e  C em entstone Group i n
b o th  r e g i o n s ,  th e y  a re  t e n t a t i v e l y  c o r r e l a t e d .
NF \q . Z S  Residual Isopachyt  
and L i thofac ies  M a p  
the Lower Cementstone G
Conglomerat ic and pebbly sands ton es
C o a r s e ,  and  f i ne  s a n d s t o n e s  abund
Sandstones common with sandy red shal 
ce me nt s ton es  rmiles
Cements tones a b u n d a n t - w i t h  grey ma 
^  some  so n d s t o n
( l )  The Lower C em en tston e  Group,
I t  i s  n o t  p o s s i b l e  t o  c o n s t r u c t  a n y th in g  more th a n  
v e r y  g e n e r a l  i s o p a c h y t e  and l i t h o f a c i e s  m aps, as t h e r e  
i s  not a s u f f i c i e n t  s p r e a d  o f  tw o -d im e n s io n a l  i n f o r m a t i o n /  
The o u tc r o p s  i n  N, I r e la n d  a r e  t o o  rem ote from t h e  main  
a r e a s  o f  s e d im e n t a t io n  i n  S c o t la n d  t o  be in c lu d e d  i n  t h e  
maps,
(a )  D a i l l y - P a t n a  -  Cumnock R e g io n ,
The t o t a l  t h i c k n e s s  o f  t h e  Lower C em entstone Group 
i n  t h i s  r e g io n  v a r i e s  b e tw e e n  1 ,5 0 0  -  l,JfOO f e e t  a t  
D a i l l y ,  a p p r o x im a te ly  1 ,1 0 0  f e e t  a t  P a tn a , and 2 0 0 -2 5 0  
f e e t  a t  Cumnock. The z e r o  i s o p a c h  ( f i g .  2 5 ) l i e s  t o  t h e  
e a s t  and th e  s o u t h - e a s t  o f  Cumnock. From l a t e r  p a la e o -  
g e o g r a p h ic a l  c o n s i d e r a t i o n s  ( p .  8 / ) i t  can  b e  deduced  
t h a t  i t  c o n t in u e s  i n  a s o u t h - w e s t e r l y  d i r e c t i o n ,  p a s s in g  
a few  m i l e s  t o  t h e  s o u t h - e a s t  o f  D a i l l y ,
The most n o t i c e a b l e  f e a t u r e  o f  t h e  l i t h o l o g y  i n  t h i s  
r e g io n  i s  th e  abundance o f  c o a r s e  e l a s t i c s  i n  p r o p o r t io n  
t o  s h a l e s  and l i m e s t o n e s .  Even i n  t h e  m arl su b -g ro u p  
o f  D a i l l y  th e r e  a r e  many s a n d s to n e s  and f i n e  c o n g lo m e r a te s .  
The su b -g r o u p  w i t h  th e  l a r g e s t  p r o p o r t io n  o f  c o a r s e  e l a s t i c s  
i s  t h e  low er  s a n d s to n e  s u b -g r o u p ,  i n  w hich  c o n g lo m e r a te s  
w it h  p e b b le  s i z e s  up  t o  2" o c c u r .  P i g s .  5 , 4» 7 
e x e m p l i fy  t h e  abundance o f  c o a r s e  e l a s t i c s  i n  t h e  D a i l l y -  
Cumnock r e g io n ;  some s a n d - s h a le  t h i c k n e s s  r a t i o s  are  
q u o ted  a lo n g s id e  t h e s e  r e p r e s e n t a t i v e  s e c t i o n s .  T hose  
q u o ted  f o r  t h e  m arl su b -g r o u p  a t  D a i l l y  and P atna are  
d e c e p t iv e  i n  t h a t  th e  m a r ls  o f t e n  c o n t a in  a h ig h  p ro p o r -
•J.^ fii; ‘ ( o r n s f è t i  e v . . .^
■ ■ ■ p \{, f p m u
.T
P l .  1 1 .  C o rn sto n e  c o n g lo m e r a te ,  D a i l l y .  x50
P l ,  1 2 ,  C oarse  s a n d s to n e  w i t h - q u a r t z  m o s a ic s ,
upper s a n d s to n e  s u b -g r o u p ,  D a i l l y .  x JO.
t i o n  o f  sa n d -g r a d e  e l a s t i c s .
The e l a s t i c s  o f  t h e  D a i l l y  R e g io n .
The c l a s t i c  s e d im e n ts  o f  t h e  D a i l l y  -  Patna r e g io n  
d i f f e r  m arked ly  from t h o s e  o f  Cumnock, i n  c o l o u r ,  t e x t u r e  
and c o a r s e n e s s ,
D a i l l y  -  P a tn a .
C o n g lo m era tes . T hese are  p a r t i c u l a r l y  common i n  t h e  
s o u th -w e s t  o f  t h e  a r e a .  They a re  y e l lo w  t o  p u r p l i s h  i n  
c o l o u r ,  and c o n t a in  p e b b le s  (up t o  2^ * o r  lo n g  a x i s )  
m a in ly  o f  greyw acke and a c i d  p orp hyry . The o n ly  p r e s e n t -  
day e x p o s u r e s  o f  com parable ig n e o u s  r o c k  o cc u r  i n  t h e  
f a u l t e d  s t r i p  o f  t h e  L. Old Red S a n d s to n e ,  1 - 5  m i l e s  
t o  t h e  s o u t h - e a s t ;  o t h e r  c o n g lo m e r a te s  and c o n g lo m e r a t ic  
l a y e r s  fo u n d  i n  t h e  s a n d s to n e  c o n t a in  fra g m en ts  o f  
c o r n s t o n e s ,  u s u a l l y  s u b s p h e r ic a l  i n  sh a p e ,  w i t h  i n t e r n a l  
s t r u c t u r e s  l i k e  t h o s e  o f  t h e  n o d u la r  p a rt  o f  t h e  U. Old  
Red S a n d sto n e  c o r n s t o n e s ,  ( PL 1
T h is  s u g g e s t s  t h a t  e i t h e r  U. Old Red S a n d sto n e  was 
b e in g  ero d ed  e l s e w h e r e ,  o r  t h a t  c o r n s to n e  f o r m a t io n  was 
p r o c e e d in g  on t h e  h i n t e r l a n d  t o  t h e  s o u t h - e a s t  a t  th e  same 
t im e  as t h e  d e p o s i t i o n  o f  t h e  C e m e n ts to n e s , a f a c t  known 
t o  be t r u e  i n  t h e  D a i l l y  a r e a  from  t h e  p r e s e n c e  o f  c o r n -  
s t o n e  s  i n  t h e  lo w e r  sa n d s to n e  su b -g ro u p .
C o n g lo m era tes  become much l e s s  common n o r t h - e a s t  
a lo n g  th e  D a i l l y  b a s i n ,  where t h e  o u tc r o p s  l i e  a t  
p r o g r e s s i v e l y  g r e a t e r  d i s t a n c e s  from th e  S o u th e rn  Uplands  
F a u l t  and t h e  a s s o c i a t e d  S t r a i t e n  F a u l t .
S a n d s to n e s .  The c o lo u r s  o f  th e  s a n d s to n e s  i n  t h e  L.
y-L,
Cernents t o n e  Group ran ge th r o u g h  w h i t e ,  deep  r e d ,  p in k ,  
y e l lo w  and g r e e n ,  A few a n a ly s e d  by p o in t  c o u n te r  
p roved  t o  b e  f e l s p a t h i c  s a n d s to n e s  or  p r o t o q u a r t s i t e s  
( P e t t l j o h n  1 9 5 7 , p . 2 9 1 ) ,
Specim en
No.
Q uartz F e ls p a r L i t h i c
Marl su b -g r o u p Ml % 1 . 4
Top 02A 78 1 1 .5 1 0 .7
L, S a n d sto n e tt 05A 85 8 . 7 3 . 0
su b -grou p M iddle M If 90 7 . 1 3 . 4
Lower M18 91 5 . 0 5 . 9
O fte n  t h e  s a n d s to n e s  a r e  in te r b e d d e d  w ith  r e d  and 
g r e e n  m a r ls ,  some c o n t a in i n g  c o r n s to n e  n o d u le s ,  e s p e c i a l l y  
i n  t h e  low er  s a n d s to n e  su b -g r o u p ,  w h ich  shows a r e v e r s i o n  
t o  U. Old Red S a n d sto n e  c o n d i t i o n s .  The s a n d s to n e s  have  
t h e  same g e n e r a l  appearan ce as t h e  outw ash f a n  se d im e n ts  
o f  t h e  U, Old Red S a n d s to n e ,  and th e  p r e s e n c e  o f  corn ­
s t o n e s  s u g g e s t s  c l i m a t i c  c o n d i t i o n s  s i m i l a r  t o  t h o s e  o f  
t h e  II, Old Red S a n d s to n e ,  I t  i s  p o s s i b l e ,  i n  f a c t ,  t h a t  
t h e  same c l i m a t i c  c o n d i t i o n s  p e r s i s t e d  r i g h t  th ro u g h  
from  Ü, Old Red S a n d sto n e  t im e s  t o  th e  b a se  o f  th e  L avas,  
where t h e  o c c u r r e n c e  o f  l a t e r i t i c  b o l e s  i n d i c a t e s  a 
r a t h e r  d i f f e r e n t  c l i m a t e .  The i n t r o d u c t i o n  o f  g r e y  
s h a l e s  and y e l lo w  s a n d s to n e s  a t  t h e  b a se  o f  t h e  Cement-  
s t o n e  Group i s  th e n  t o  be a t t r i b u t e d  t o  a change i n  s e a  
l e v e l ,  a r e g i o n a l  s i n k in g  w i t h  a m arine i n c u r s i o n .  The 
r e c u r r e n c e  o f  c o a r s e  o u tw a sh -fa n  e l a s t i c s  and p e d o c a l
s o i l s  i n d i c a t e s  a s t r o n g  r e l i e f  i n  t h e  h i n t e r l a n d  
w hich  l i e s  a t  a v e r y  s h o r t  d i s t a n c e  t o  t h e  s o u t h - e a s t .
The rh y th m ic  s e d im e n t a t io n  o f  w hich  one c y c l e  i s  
i l l u s t r a t e d  i n  F ig .  Jb . can be i n t e r p r e t e d  a s  f o l l o w s .
The d e p o s i t i o n  o f  th e  c o a r s e  c u r r e n t  bedded s a n d s to n e s  
and c o n g lo m e r a te s  r e s u l t s  from a h ig h  r e l i e f  t o  t h e  
s o u t h - e a s t ,  w i t h  a w e l l  d e v e lo p e d  f a u l t  l i n e  s c a r p  and  
i n t e r m i t t e n t  s t r o n g  r a i n f a l l ,  f o l l o w e d  by a p e r io d  o f  
s t a b i l i t y  when p e d o c a l  s o i l s  (m a r ls  w i t h  c o r n s to n e  
n o d u l e s ) ,  a p p a r e n t ly  s i m i l a r  t o  t h o s e  o f  t h e  U. Old Red 
S a n d s to n e ,  w ere form ed i n  t h e  la n d  s u r f a c e  o f  t h e  o u t -  
w a sh -fa n  s e d im e n t s .  The g r e y  s h a l e s  and f i n e  g r e y  sand­
s t o n e s  a t  t h e  c l o s e  o f  th e  c y c l e  r e p r e s e n t  a m arine or  
b r a c k is h  i n c u r s i o n  i n t o  t h e  a r e a ,  t h i s  b e in g  te r m in a te d  
by a r e c u r r e n c e  o f  th e  c o n d i t i o n s  p e c u l ia r  t o  th e  
d e p o s i t i o n  o f  t h e  s a n d s to n e s  and c o n g lo m e r a te s .
The m arl su b -g ro u p  h as no c o a r s e  e l a s t i c s ,  and o n ly  
m oderate q u a n t i t i e s  o f  f i n e  s a n d s t o n e s ,  A few  bands o f  
v e r y  c o a r s e  greyw acke o c c u r ,  t h e  l i t h i c  fr a g m e n ts  them­
s e l v e s  b e in g  m o s t ly  g rey w a ck e , o b v io u s ly  d e r iv e d  from  an 
a re a  o f  L, P a la e o z o ic  r o c k s .  On t h e  w h ole  however t h e  
p r e s e n c e  o f  g r e y  and r e d  m a r ls  and s h a l e s  i n d i c a t e s  
r e l a t i v e l y  q u ie t  s e d im e n t a t io n ,  w i t h  o c c a s i o n a l  b u r s t s  
o f  s l i g h t l y  c o a r s e r  e l a s t i c s  ca u sed  perhaps by an in c r e a s e  
i n  r a i n f a l l ,  or movement a lo n g  one o f  t h e  f a u l t s  a s s o c i a ­
t e d  w i t h  t h e  f a u l t  l i n e  s c a r p ,
P a tn a ,
E s s e n t i a l l y  th o  same f a c i e s  o f  th e  C em en tston es  i s
t o  be s e e n  n ea r  P a tn a , P in e  c o r n s to n e  co n g lo m e r a te s  
a re  common, b u t t h e  c o a r s e  m ixed  c o n g lo m e r a te s  s e e n  a t  
D a i l l y  a re  m is s in g ,  a p a r t  from one c o m p a r a t iv e ly  f i n e  bed  
fo u n d  i n  s e v e r a l  o u tc r o p s  ru n n in g  p a r a l l e l  t o  and l e s s  
th a n  a m i le  from th e  S t r a i t e n  F a u l t ,  The p eb b le  c o n te n t  
i s  g re y w a ck e , o c c a s i o n a l  s p i l i t e ,  some c h e r t  and j a s p e r ,
Cumnock,
At Cumnock t h e  f a c i e s  d i f f e r s  from  D a i l l y  -  Patna i n  
an a b se n c e  o f  r e d  and g r e e n  c o lo u r e d  s a n d s to n e s  and con­
g lo m e r a t e s ,  a l th o u g h  t h e  s a n d / s h a l e  r a t i o  rem ains h ig h .
The s a n d s to n e s  a r e  a l l  y e l l o w  i n  c o l o u r ,  and a re  i n t i m a t e l y  
a s s o c i a t e d  w i t h  g r e y  s h a l e s ,  s i l t s t o n e s  and v e r y  sandy  
c e m e n ts t o n e s ,  th u s  s u g g e s t i n g  t h a t  t h e  e l a s t i c s  were  
d e p o s i t e d  u n d er  w a te r  i n  c o n d i t i o n s  o f  low o x i d a t i o n  or  
low r e d u c t i o n ,  and n ot as outw ash f a n s  i n  c o n d i t io n s  o f  
h ig h  o x i d a t i o n .  The abundance o f  s a n d s to n e s  i n d i c a t e s  
a h i n t e r l a n d  w i t h  c o n s id e r a b le  r e l i e f .  Wedges o f  
co n g lo m er a te  may o r i g i n a l l y  have o c c u r r e d  i n  t h i s  a r e a  
f u r t h e r  s o u t h - e a s t ,  b u t  any se d im e n ts  o f  t h e  C em entstone  
Group t h a t  w ere p r e s e n t  in  th e  a r e a  o f  G lenm uir Water 
were e r o d e d  b e f o r e  t h e  o v e r s t e p  o f  t h e  la v a s  and a s h e s ,
Ayr -  K ilm arnock  R e g io n ,
The t h i c k n e s s  o f  th e  C em entstones i n  t h e  Ayr -  
K ilm arnock  r e g io n  shows a g e n e r a l  r e d u c t io n  from 500  
f e e t  i n  t h e  Ayr -  D a lrym p le  a r e a ,  ( a t  D alrym ple i t  may 
b e  a s  much a s  1 ,0 0 0  f e e t ) ,  t o  5 0 O f e e t  b e tw een  K ilm arnock  
and M u ir k ir k , and t o  100 f e e t  or  l e s s  a t  G lenbuck and  
C oalb u rn .
A lth o u g h  th e  f a c i e s  i s  v a s t l y  d i f f e r e n t  from  th a t  
o f  D a i l l y ,  i t  shows c o m p a r a tiv e ly  m inor v a r i a t i o n s  w it h in  
th e  Ayr -  K ilm arnock  r e g io n .  C oarse co n g lo m er a te s  are  
c o m p le te ly  a b s e n t ,  but c o r n s to n e  c o n g lo m er a te s  o ccu r  a t  
s e v e r a l  h o r iz o n s ,  a l l  show ing th e  same c h a r a c te r s  a s  in  
th e  D a i l l y  r e g io n .
The f a c i e s  i s  m a in ly  a s h a le - l im e s t o n e  f a c i e s ,  w ith  a 
c o m p a r a tiv e ly  s m a ll  d evelop m en t o f  e l a s t i c s  ( f i g s ,  8 ,
1 0 , 15- 18 ) ,
Ayr A rea ,
The lo w e s t  p a r t  o f  th e  C em en tston e Group at Ayr has  
few  s a n d s to n e s .  About 1 0 0 - I 50 f e e t  above th e  b a s e , 100  
f e e t  o f  m ica ceo u s c u r r e n t  la m in a te d  sa n d s to n e s  o c c u r .
They a re  in te r b e d d e d  w ith  some c o r n s to n e  c o n g lo m e r a te , 
sandy s h a le s  and o s t r a c o d  l im e s t o n e s .  T h ese c o a r s e r  b ed s  
may be e q u iv a le n t  t o  th e  lo w er  sa n d s to n e  su b -g ro u p  o f  
D a i l l y ,  and a lth o u g h  th e y  in  no way resem b le  i t  in  
a p p ea ra n ce , t h e i r  o c c u r re n c e  c o u ld  be due t o  th e  sam e  
t e c t o n i c  movement t h a t  produced  t h e  e q u iv a le n t  a t  D a i l l y ,  
Some o f  th e  upperm ost b ed s o f  th e  sa n d s to n e s  are  o f t e n  
f u l l  o f  c o a ly  p la n t  r e m a in s . I t  i s  p o s s ib le  th a t  a c o a l  
may o ccu r  w it h in  t h e s e  s a n d s to n e s ,  a lth o u g h  i t  i s  n o t  
ex p o sed  a t p r e s e n t ,  (S ee  *A y r sh ir e  a t  th e  Time o f  B u rn s’ , 
i n  w h ich  c o a l  i s  r e p o r te d  as h a v in g  b een  dug i n  a p i t  a t  
th e  ju n c t io n  o f  th e  b o u n d a r ie s  o f  th e  farm s o f  C o rto n ,
Mt, O lip h a n t and Broom berry (5551^^)* p i t  i s  now
f i l l e d  i n  and th e r e  i s  no e v id e n c e  now t o  be s e e n ;  b u t
JO*
th e r e  are e x p o su r e s  o f  cem en tsto n e s  and m a rls i n  th e  
C orton  Burn j u s t  b e s id e  th e  p i t . )
Above t h e s e  sa n d s to n e s  th e  se d im en ts  become much 
f i n e r ,  th e  c o a r s e s t  e l a s t i c s  b e in g  o f  s i l t  g ra d e , some 
o f  them c o lo u r e d  red  and g r e e n is h .  A l l  th e  s h a le s  and 
s i l t y  la y e r s  a re  v e r y  l im y , and f r e q u e n t ly  c o n ta in  ÇCjS 
s o lu b le  m a tte r . The c l a s t i c  r a t i o ,  a s r e g a rd s  b u lk  
co m p o s it io n  by w e ig h t ,  may be a s  low as 0 , / 8 / l ,  a lth o u g h  
no in d iv id u a l  cem en tsto n e  b ed s need  o ccu r  i n  th e  s e c t io n  
a n a ly s e d . The cem en tsto n e s  have a Ca/Mg r a t i o  (by w e ig h t)  
v a r y in g  b etw een  l . j / l  and J O /l ,  O rganic l im e s to n e s  are  
fo u n d  w ith  t h e  c e m e n ts to n e s , in c lu d in g  o s tr a c o d  lim e ­
s t o n e s ,  • s p ir o r b i s ’^ ' l im e s to n e s ,  and la m e ll ib r a n c h  
l im e s to n e s .  The upperm ost 50 f e e t  c o n s i s t  o f  red  and g r e e n  
c a lc a r e o u s  s i l t s t o n e s  w ith o u t  l im e s to n e s ,
D alrym ple A rea ,
The b a s a l  b ed s are  v e r y  much c o a r s e r  th a n  a t  A yr. 
S a n d sto n e s  and f i n e  co n g lo m era tes  are  common, w ith  t h ic k  
m ica ceo u s s h a l e s ,  ( f i g ,  1 0 ) ,  The c o lo u r s  are o f t e n  r e d , 
w ith  some g r e e n  and some y e l lo w ;  c o r n s to n e  n o d u le s  are  
commonly fo u n d  i n  red  m a r ls , th u s  in d ic a t in g  t e r r e s t r i a l  
c o n d it io n s ,  and th e  f a c i e s  i s  l i k e  t h a t  o f  th e  D a i l l y  -  
Patna a r e a . T h is  ty p e  o f  l i t h o l o g y  c o n t in u e s  f o r  about 
100 f e e t  up th e  s u c c e s s io n ,  th e n  g re y  s h a le s  and cem ent­
s to n e s  come i n ,  w ith  some m icaceou s y e l lo w  sa n d s to n e s  
f u l l  o f  p la n t  re m a in s . The h ig h e s t  se d im en ts  s e e n  are  
o f  th e  ty p e  s e e n  n e a r e r  A yr.
K ilm arnock  -  C oalburn  Area^
The l i t h o l o g y  o f  t h i s  a rea  i s  v i r t u a l l y  th e  same 
a s a t  A yr, e x c e p t  t h a t  sa n d s to n e s  a re  more common, and  
re d  c o lo u r s  a re  f a r  commoner in  th e  s h a le s  and m a r ls ,  
e s p e c i a l l y  tow ard s th e  e a s t*  * S p ir o r b is ' l im e s to n e s  and  
o s tr a c o d  l im e s to n e s  are  a b s e n t ,  a lth o u g h  some s h a le s  
a re  crowded w ith  s p ir o r b id s  ( f i g s .  15- 18 ) . The o n ly  
s e c t i o n s  t h a t  show a g r e a t  d e v ia t io n  from  th e  f a c i e s  o f  
A yr, and from  th e  r e s t  o f  th e  r e g io n ,  are in  Back Burn 
( P ig .  17) t o  th e  n o r th  o f  M u ir k ir k , n o r th  o f  G lenb u ck , 
and a t C oalburn  ( P ig .  1 8 ) .
The C em en tston es o f  Back Burn a re  a t  l e a s t  250  f e e t  
t h ic k  and d i f f e r  m arked ly  i n  l i t h o l o g y  from  th e  Cement­
s t o n e s  t o  th e  w e s t ,  i n  th e  abundance o f  t h ic k  s a n d s to n e s  
and b r ig h t  r e d  sandy s h a l e s ,  and th e  r a r i t y  o f  cem ent­
s t o n e s  and g r e y  s h a l e s ,  p a r t i c u la r l y  i n  th e  lo w e s t  100  
f e e t  ( f i g .  1 7 ) •  C orn ston e c o n g lo m e r a te s  w h ich  a re  v e r y  
common i n  t h i s  lo w e s t  p a r t ,  become v e r y  c o a r s e  and t h ic k  
a t  th e  b a s e , some o f  th e  p e b b le s  b e in g  a s  much a s  in  | 
d ia m e te r . The u p p er  p a r t o f  th e  seq u en ce  c o n s i s t s  o f  v er y  | 
sandy g rey  m a rls  and n o d u la r  ce m e n tsto n es  w ith  fr e q u e n t  
g rey  sa n d s to n e  la y e r s .
Only fo u r  or f i v e  m ile s  t o  th e  s o u th - w e s t ,  th e  b a s a l  
se d im e n ts  b e lo n g  t o  a q u i t e  d i f f e r e n t  f a c i e s ,  and are  
r e l a t i v e l y  f i n e  and muddy above th e  t h i n  b a s a l  sand­
s t o n e s .  T h is  f a i r l y  r a p id  change in  f a c i e s  s u g g e s t s
th a t  th e  ca u se  o f  th e  change i s  v e r y  n e a r . At G lenbuck  
and C oalburn  ( P ig .  18 ) th e  t h ic k n e s s  i s  l e s s  th a n  100
' f e e t  and 100 f e e t  r e s p e c t i v e l y ,  and th e  rock s c o n s i s t  
a lm ost e n t i r e l y  o f  sandy e l a s t i c s  w ith  v ery  few  cem ent­
s t o n e s ,  red  b e in g  th e  dom inant c o lo u r  o f  th e  s e d im e n ts .
The general facies of the sediments in th is  region 
suggests re la tively  quiet currents, and a low hinterland, 
with Blow streams bringing in fine sediment. The only 
exception is  in the Dalrymple area, the sediments of 
which seem to  be derived from a hinterland which was 
similar to that of the Dailly sediments,
N o rth ern  R eg io n .
S tr a th b la n e  -  Campsie A rea .
The predom inant ro c k  ty p e s  a re  r e d  and g r e y  m a r ls ,  
n o d u la r  ce m e n tsto n e s  and m ica ceo u s s a n d s to n e s , t h e  dark  
s i l t y  s h a l e s ,  c o n ta in in g  ostracods,^ com m on  a t  Ayr and  
K ilm arn ock , b e in g  r a r e r .  M assive sa n d s to n e s  are  a b s e n t -  
from  th e  C em en tston es a t  B a lla g a n  and C am psie, b ut occu r  
commonly a t  S tr a th b la n e .
G reenock -  Dumbarton A rea .
At A uchenreoch  G len  ( P ig .  19) th e  ro ck s  d i f f e r  from  
th o s e  o f  S tr a th b la n e  i n  an in c r e a s e  in  p r o p o r t io n  o f  hard  
b u f f  lim y  sa n d s to n e s  and r e d  m a r ls . The t h ic k n e s s  i s  
red u ced  t o  500 f e e t ,  t o  100 f e e t  a t  Ben B ow ie , and t o  l e s s  
th a n  100 f e e t  a t  Loch Thom and O uterw ards. At t h e s e  
l a s t  th r e e  l o c a l i t i e s ,  sa n d s to n e s  and s h a l e s ,  o f t e n  r e d ,  
a re  d om in an t, and ce m e n tsto n e s  r a r e  ( P ig .  To th e
so u th -w e s t  th e  t h ic k n e s s  i s  s t i l l  s m a l l ,  100 f e e t  a t  
Cumbrae and l e s s  i n  A rran , and t h e  ro c k s  a re  c o n g lo m e r a tic  
' i n  p la c e s ,  w ith  an abundance o f  r e d  m a r ls;  o n ly  a few
n o d u la r  c e m e n ts to n e s  o ccu r  n ear th e  t o p .  C orn ston e  
co n g lo m er a te s  a re  ab u n d an t, p a r t i c u la r l y  i n  th e  lo w er  p a r t .  
The c o n g lo m e r a te s  o th e r  th a n  c o r n s to n e  co n g lo m era te s  
c o n ta in  m a in ly  q u a r tz  p e b b le s .  The f a c i e s  o f  th e  Cement­
s t o n e s  i n  a b e l t  s t r e t c h in g  from  Ben Bow ie th ro u g h  Loch 
Thom t o  A rran in d i c a t e s  a c l o s e  p r o x im ity  o f  a s h o r e l in e ,  
p ro b a b ly  t o  th e  n o r th -w e s t ,
C o r r ie  o f  B a lg la s s  -  G argunnock.
N o r th -e a s t  from  S tr a th b la n e  ( P ig .  21) th e  t h i c k n e s s ,  
p r o p o r t io n s  and gra d e  of^ th e  e l a s t i c s  rem ain  c o n s ta n t ,  and  
th e  o n ly  v a r i a t i o n  i s  an in c r e a s e  i n  th e  d a rk er  s i l t y  
s h a le s  and la y e r e d  c e m e n ts to n e s . Thus t h e r e  i s  no e v id e n c e  
o f  a s h o r e l in e  i n  a n o r t h - e a s t e r ly  d i r e c t i o n .  Prom th e  
g e n e r a l  gra d e  o f  t h e  e l a s t i c s  i t  w ou ld  seem  th a t  th e  h in t e r ­
la n d , p ro b a b ly  t o  th e  n o r t h - w e s t ,  was o f  low  r e l i e f ,  w ith  
r a p id  in f lo w s  o f  m o d e r a te ly  c o a r se  sa n d s to n e s  n ea r  th e  
ed ge o f  th e  b a s in .
N o rth ern  I r e la n d .
C u lt r a . The b a s a l  b ed s a t  C u ltr a  a re  m o stly  f a i r l y  
f i n e  s i l t s t o n e s  and s a n d s to n e s ,  i n d i c a t in g  th e  n ea r  
p r o x im ity  o f  a s h o r e l i n e .  They a re  o v e r la in  by g re y  s h a l e s ,  
lim y  sa n d s to n e s  and c e m e n ts to n e s , b o th  n o d u la r  and la y e r e d .  
The f a c i e s  i n  th e  u p p er p a rt b e a r s  a s t r o n g  resem b la n ce  
t o  t h a t  o f  A yr, e x c e p t  f o r  th e  o c c u r r e n c e  o f  la m e ll ib r a n c h  
m ud stones and a l g a l  rem ain s ' , a k in  t o  th o s e  fo u n d  i n
th e  Main A lg a l  S e r i e s  o f  L id d is d a le .
D rap erStow n .
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C o a r s e  S a n d s t o n e s
mi les
S u b - a q u e o u s  Sand s ton esF in e  S a n d s t o n e s
/ y *
The r o c k s  a t  D ra p ersto w n  a r e  m a in ly  m ud stones and 
s h a l e s ,  th o u g h  s a n d s to n e s  and s i l t s t o n e s  a re  common; a s  a t  
C u ltr a  th e  b ed s n e a r e s t  t h e  b a se  a re  s a n d i e s t ,  Cement­
s t o n e s ,  m a in ly  la y e r e d ,  a re  fo u n d  o n ly  in  th e  h ig h e r  b e d s ,  
i n  th e  u s u a l  c o n te x t  o f  s h a le s  and m ica c eo u s  s a n d s to n e s ,  
L a m e llib ra n ch  m u d ston es s i m i l a r  t o  th o s e  o f  L id d is d a le  
and C u ltr a  a re  a l s o  s e e n .  In  th e  W hite W ater s e c t i o n  th e r e  
o c c u r s  a c o n g lo m e r a te , m a in ly  o f  q u a r tz  p e b b le s .
The se d im e n ts  from  th e  D rap erstow n  a r e a  s u g g e s t  t h a t  
th e r e  was an  a d ja c e n t  h in t e r la n d  o f  a m oderate r e l i e f ,  
a lth o u g h  th e  g r e a t e r  p a r t  o f  t h e  s e d im e n ta t io n  i s  f a i r l y  
q u i e t .
The U pper C em en tston e Croup ( P ig ,  2 6 ) ,
The u p p er  d i v i s i o n  i s  c o n f in e d  t o  t h e  D a i l l y  a r e a ,  and  
th e  N o rth ern  R e g io n , I t  d i s p la y s  a s im i la r  f a c i e s  i n  b o th  
r e g io n s ,  t h a t  i s ,  a r e c u r r e n c e  o f  ou tw ash  f a n  se d im e n ts  
l i k e  t h o s e  o f  t h e  Ü , O ld Red S a n d s to n e , At D a i l l y  th e  
dom inant f e a t u r e s  o f  t h e s e  se d im e n ts  a r e  t h e i r  c o a r s e n e s s  
and b r ig h t  r e d  c o lo u r .
C o n g lo m era tes  a re  v e r y  common, some red  and some 
g r e e n , i n  w h ich  th e  p e b b le s  a re  o f  L. P a la e o z o ic  s p i l i t e s ,  
c h e r t s ,  j a s p e r ,  g rey w a ck es and m etam orphic r o c k s ,  th e  l a s t  
som etim es v e r y  common. Some c o n ta in  fr a g m e n ts  o f  b r ig h t  
r e d  m a r ls , s im i la r  t o  b ed s im m e d ia te ly  b e lo w . The p eb b le  
c o n te n t  i s  s u g g e s t iv e  o f  d e r iv a t io n  from  an a rea  o f  
A ren ig  r o c k s  i n  p a r t i c u l a r ,  and t h e  p r e s e n t  la r g e r  o u t ­
cro p s o f  t h e s e  r o c k s  o c c u r  t o  t h e  s o u t h - e a s t .
Red and g r e e n  s a n d s to n e s  w h ich  form  th e  b u lk  o f  th e
•1-V#
se d im e n ts  a t  D a i l l y  f a l l  in t o  th e  greyw acke and sub­
g rey  w a eke grou p s o f  s a n d s to n e . Commonly th e y  show poor  
s o r t i n g ,  many s a n d s to n e s  h a v in g  a s  much a s  ^Cf/o c la y  grade  
c o n t e n t .  S lum ping i s  f r e q u e n t ly  t o  be s e e n , w ith  s t r o n g  
c u r r en t b ed d in g  and e r o s io n a l  f e a t u r e s ,  b u t grad ed  
b ed d in g  i s  n o t  fo u n d . T h is  a g r e e s  w ith  outw ash  fa n  
s e d im e n ta t io n . B r ig h t  red  m a r ls , some w ith  c o r n s to n e  
n o d u le s ,  are  common, and a re  a g a in  com parable w ith  some 
o f  th e  c o r n s to n e s  o f  th e  U , Old Red S a n d s to n e , T h ese b ed s  
form  a t h ic k  p rism  o f  s e d im e n t , t h i c k e s t  a t  D a i l l y ,  and 
th in n in g  t o  l e s s  th a n  100 f e e t  o f  m ica ceo u s cu r r en t  
la m in a te d  s a n d s to n e s  and red  m a rls  i n  th e  Ayr a r e a . At 
in c r e a s in g  d is t a n c e  from  th e  p ro b a b le  so u r c e  th e  se d im en ts  
c e a se  t o  be outw ash  s a n d s to n e s , a s  t h e i r  m ica ceo u s and  
cu rr en t la m in a te d  n a tu re  show s; th e y  a re  t h e  r e s u l t  o f  th e  
same t e c t o n i c  d is tu r b a n c e  and r e ju v e n a t io n  o f  t h e  r e l i e f  
o f  th e  h in t e r la n d  h ow ever , and are m ere ly  d e p o s it e d  under  
w a ter  i n  th e  c e n tr e  o f  th e  b a s in  in s t e a d  o f  in  outw ash fa n s  
n ea r  t h e  m a rg in s .
N o rth ern Reg io n ,
The S pout o f  B a lla g a n  S a n d sto n e  shows e s s e n t i a l l y  
th e  same f e a t u r e s  a s  t h e  u p p er sa n d s to n e  su b -g ro u p  o f  th e  
s o u th . The m ost n o t ic e a b le  d i f f e r e n c e  i s  th e  c o lo u r ;  th e  
ro c k s  are  p red o m in a n tly  w h ite  and p in k , w ith  o n ly  
o c c a s io n a l  r e d  b e d s . The co n g lo m era te s  c o n ta in  q u a r tz  
p e b b le s  r a th e r  th a n  th e  L. P a la e o z o ic  ty p e s  fo u n d  in  th e  
s o u th . Red m a rls  and c o r n s to n e s  o c c u r , n o ta b ly  a t L aggan, 
G reenock  and Dum barton, some o f  th e  c o r n s to n e s  a t  G reenock
b e in g  5 f e e t  o r  more t h i c k .
The t h ic k n e s s  o f  t h i s  u p p er d i v i s i o n  may b e  a s  much 
a s  600 f e e t  a t Laggan i n  A rra n , more th a n  JOO ' f e e t  a t  
Cumbrae, and ^00 f e e t  a t  G reen o ck , T h is  i n d i c a t e s  a 
g r e a t  t h ic k n e s s  a lo n g  a l i n e  ru n n in g  from  L aggan , th ro u g h  
Cumbrae, w est  o f  Loch Thom, and p o s s ib l y  p a s s in g  up  b etw een  
H elen sb u rg h  and Dumbarton ( s e e  P ig ,  2 6 ) .  To th e  n o r th ­
w e s t  o f  t h i s  l i n e  a t  Ben Bow ie t h e r e  can n ot be more th a n  
200 f e e t  o f  S p ou t o f  B a lla g a n  S a n d s to n e , To th e  s o u th ­
e a s t  i t  f a l l s  t o  5 0 0  f e e t  a t  O u terw ard s, and 2 0 0 -5 0 0  f e e t  
from  Dum barton t o  L i t t l e  C o r r ie  o f  B a l g la s s  n ea r  P in t r y ,  
A lon g  th e  s o u th  f a c e  o f  th e  Cam psie P e l l s  i t  t h i n s  t o  
d is a p p e a r a n c e , p ro b a b ly  by o v e r s t e p  ( s e e  p , 2 3 ) ,  th o u g h  
c u r r e n t  b e d d in g  e v id e n c e  i n d i c a t e s  t h a t  t h in n in g  may a l s o  
b e due t o  a t e c t o n i c  s w e l l  t o  t h e  e a s t .
The g r e a t  d i f f e r e n c e  i n  c o lo u r  b e tw een  t h e  S p ou t o f  
B a lla g a n  S a n d sto n e  and th e  u p p er  sa n d s to n e  su b -g ro u p  o f  
th e  s o u th  ca n  b e  e x p la in e d  by t h e  p ro v en a n ce  o f  th e  
e l a s t i c s .  I n  th e  o x i d i s i n g  c o n d it io n s  t h a t  e x i s t e d  d u r in g  
th e  d e p o s i t i o n  o f  b o th  th e  u p p er  s a n d s to n e  su b -g ro u p  and 
th e  S p ou t o f  B a lla g a n  S a n d s to n e , f e r r i c  i r o n  w o u ld  be  
a v a i l a b l e  i n  g r e a t e r  abundance from  th e  breakdow n o f  L. 
P a la e o z o ic  g rey w a ck es and s p i l i t e s  th a n  from  th e  D a lr a d ia n  
m etam orph ic r o c k s .
I t  may be in f e r r e d  th a t  th e  s e t t i n g  o f  th e  Upper 
C em en tston e Group was one o f  a b a s in  w ith  h in t e r la n d s  o f  
h ig h  r e l i e f ,  and o f  c o n t r a s t e d  l i t h o l o g i c a l  c o m p o s it io n ;
rFig.27 Palaeogeographical Map  
fo r  the  Lower Cementstone Group
Current d i r ec t ions  f rom c r o s s  bdd d ing  e t c
L a n d  a r e a smiics
A pprox imate  marg i n  of  b a s i n
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but from both north and south there accumulated outwash 
fans in the wide basin between. Originally the two prisms 
of marginal sediments formed may have met in  the centre, 
but the sediments representing th is  junction have been 
removed by subsequent erosion.
S e c t io n  2 . S ed im en ta ry  S t r u c t u r e s .
(a )  I n d ic a t o r s  o f  C urrent D ir e c t io n .
C ross b ed d in g  p r o v id e s  th e  g r e a t e s t  number o f  
m easurem ents f o r  an a n a ly s i s  o f  d i r e c t io n s  o f  sed im en t  
t r a n s p o r t ,  p a r t i c u l a r l y  i n  th e  U pper C em entstone Group. 
M easurem ents from  r ip p le  marks are  l e s s  common and p r o v id e  
o n ly  th e  ( l o c a l  and tem porary) c u rr e n t d i r e c t i o n ,  b u t n o t  
th e  s e n s e .  Prim ary c u r r e n t  l i n e a t i o n s ,  and m ost g ro o v e  c a s t s  
(P 1 .Î3  ). a l s o  r e v e a l  o n ly  t r e n d s ,  a lth o u g h  some c a s t s  show  
a s t e e p ly  s c o o p e d -o u t  u p -s tr ea m  en d .
Prom the current directions on Pigs. 2 /, 28, the 
general current pattern in the various areas of the 
Western Midland Valley can be deduced. The readings from 
the Upper Cementstone Group show much more variab ility  than 
those from the Lower Cementstone Group,
The g e n e r a l  in f e r e n c e  i s  o f  a b a s in  w it h  a sy stem  
o f  c u r r e n ts  f lo w in g  s o u t h - e a s t  and e a s t  from  an a rea  a t  
p r e s e n t  c o n s i s t i n g  o f  m etam orphic r o c k s ,  and a n o th e r  
sy stem  com ing from  th e  r e g io n  o f  th e  S o u th e r n  U p la n d s , 
and f lo w in g  n o r t h - w e s t .  A noth er sy s te m  seem s t o  have  
o r ig in a t e d  i n  th e  L. P a la e o z o ic  A rea o f  th e  Lesmahagow
P l. 1 5 . Groove c a s t s  and drag marks in  sa n d s to n e  
n ear A yr.
P I. 1 lf. C ast o f  su n c ra c k e d  s u r f a c e s ,  Lamb doughty  
B urn, D a i l l y .
^ M ' T a/ ' ^ .  T r .
#
P I. 1 5 . S lum ping in  s a n d s to n e , a t Heads o f  A yr.
/ m
%
P I. 1 6 . S lum ping in  s i l t y  s h a le s  n ea r  Ayr
*1-^ •
I n l i e p ,  and t o  have f lo w e d  t o  th e  so u th  and th e  s o u th - w e s t .
(b ) C ondit i o n s o f  Dep o s i t i o n .
( i )  The D epth  o f  W ater .
The abundance o f  r ip p le -m a r k e d  b ed d in g  p la n e s  s u g g e s t s  
s h a llo w  w a te r , as d o es th e  o c c u r r e n c e  o f  numerous exam p les  
o f  su n cra ck ed  s u r f a c e s  and d e s s i c a t i o n  b r e c c ia s .
( i i )  S tr e n g th  and V a r i a b i l i t y  o f  C u r re n t.
The la r g e  s i z e  and in c o n s ta n c y  i n  th e  d i r e c t io n  o f  
many exam p les o f  c r o s s -b e d d in g  i n  th e  Spout o f  B a lla g a n  
S a n d sto n e , and th e  c o n g lo m e r a t ic -n a tu r e  o f  th e  b e d s ,  
p o in t s  t o  th e  e x i s t e n c e  o f  s t r o n g  and v e r y  v a r ia b le  
c u r r e n ts  d u r in g  th e  d e p o s i t io n  o f  th e  s a n d s to n e .
The t h i c k e r  n on -m ica  ce ous sa n d s to n e  fo u n d  in  th e  Lower 
C em entstone Group o f t e n  c o n ta in s  la r g e  c r o ss -b e d d e d  u n i t s ,  
but th e y  show much more c o n s is t e n c y  o f  d i r e c t i o n ,  th u s  
i n d i c a t in g  a much more s t a b l e  c u r r e n t  p a t te r n  d u r in g  i n f r e ­
quent p e r io d s  o f  sa n d s to n e  d e p o s i t io n .  The m ica ceo u s  
sa n d s to n e s  w h ich  a re  v e r y  common i n  th e  Lower C em entstone  
Group are  u s u a l ly  c u r r e n t - la m in a te d , s u g g e s t in g  v er y  
g e n t le  f lo w .
( i l l )  L o c a l T e c t o n ic  C o n d it io n s .
The o cc u r r e n c e  o f  s lu m p in g  i n  sa n d s to n e s  and i n  m a rls  
a t  Ayr and a t  D a illy im a y  in d i c a t e  u n s ta b le  t e c t o n i c  
c o n d i t io n s ,  p ro b a b ly  f a u l t  d is tu r b a n c e s .  L a ter  in  
C a rb o n ife ro u s  t im e s  f a u l t s  su ch  a s th e  K erse  Loch F a u lt  
w ere a c t i v e  (R ich ey  1 9 5 5 , PP. 9 5 -H O ) . The g r e a t  change  
in  t h ic k n e s s  b etw een  t h e  Ayr -  D a lrym p le a r e a  and D a i l l y
P l.  1 7 . Drag marks and s a l t  psendom orphs from  
n ear D a lry m p le .
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i s  s u g g e s t iv e  o f  contem popaneous f a u l t  movement a lo n g  
th e  l i n e  o f  th e  p r e s e n t  K erse  Loch F a u l t ,  ( F ig .  2 5 ) .  I t  
i s  th u s  p o s s i b l e  th a t  su ch  movement t r ig g e r e d  th e  slu m pin g  
i n  th e  C em entstone Group s e d im e n ts .
( i v )  S a l i n i t y .
Pseudom orphs ( p i . f i l t e r  s a l t  are  o f t e n  abundant a t  
th e  b a se  o f  s a n d s to n e s  and s i l t y  s h a le s  and in d i c a t e  th a t  
h y p e r s a l in e  c o n d it io n s  e x i s t e d  a t l e a s t  te m p o r a r ily  and 
l o c a l l y .  They a re  r e s t r i c t e d  t o  th e  C em en ts to n es , b u t a re  
fo u n d  i n  a l l  r e g io n s ,  e v e n  as f a r  away as D rap erstow n  i n  
N orth ern  I r e la n d .  Some o f  th e  cu b es may be a s  la r g e  a s an 
in c h  a lo n g  an e d g e .
S e c t io n  5 . Heavy M in e r a ls  and P eb b le  A n a ly s is .
The p e b b le  c o n te n t  o f  th e  c o n g lo m e r a te s  s u g g e s t s  a 
d u a l o r i g i n  from  a ’H igh land* m etam orphic so u r c e  in d ic a t e d  
by th e  q u a r tz  p e b b le s  i n  th e  Spout o f  B a lla g a n  S a n d sto n e ,  
and a L. P a la e o z o ic  so u rc e  o f  p e b b le s  o f  g rey w a ck e ,  ^ 1.
s p i l i t e ,  c h e r t  and ja s p e r  ( s e e  p .3 9 . ) .  At D a i l l y  th e  
co n g lo m er a te s  o f  th e  C em en tston es c o n ta in  o n ly  a L. P a l­
a e o z o ic  s u i t e ,  b u t th e  co n g lo m e r a te s  o f  th e  u p p er san d ­
s to n e  su b -g ro u p  c o n ta in  s m a ll  p e b b le s  o f  su ch  m etam orphic  
ro ck s a s  q u a r t z i t e  ( p l . / 2 .  ) ,  b e s id e s  la r g e r  p e b b le s  o f  
s p i l i t e ,  ja s p e r  and c h e r t .
Heavy m in e r a ls  i n  th e  C em entstone G roup, s e p a r a te d  
by bromoform and som etim es by a c id  trea tm e n t t o  remove 
i r o n  c o a t in g  in c lu d e  i n  o rd er  o f  abundance, z ir c o n ,  
to u r m a lin e , r u t i l e ,  g a r n e t ,  s t a u r o l i t e ,  m o n a z ite , k y a n it e
and h o r n b le n d e .
Z ir c o n . Z ir c o n s  o ccu r  m o s t ly  as p r ism s , unabraded  or  
a b ra d ed . Some a re  c l e a r  o r  p in k  i n  c o lo u r ,  w ith  in c l u s i o n s ;  
o th e r s  a re  p u r p le ,  commonly s u b - s p h e r ic a l  a s  p r o d u c ts  o f  
s e v e r a l  c y c l e s  o f  s e d im e n t a t io n . .
T o u r m a lin e s . Two p r in c ip a l  v a r i e t i e s  o f  t h i s  m in e r a l  
in c lu d e  la r g e  u s u a l ly  ab rad ed  fr a g m e n ts , deep  brown  
p le o c h r o ic  to u r m a lin e , and s m a ll  u nab rad ed  stum py p rism s  
o f  p in k  p le o c h r o ic  t o u r m a lin e , ( s e e  K ryn in e 1954., p . ) .
R u t i l e . Two v a r i e t i e s ,  one w e l l  rounded  and a deep  
f o x y - r e d ,  th e  o th e r  l i g h t  y e l lo w  and o f t e n  u n ab rad ed  o c c u r .
G a r n e t. P ink  t o  c l e a r  i n  c o lo u r ,  up t o  JOOyuin s i z e ,  
rounded or ra g g e d  i n  o u t l i n e .
S t a u r o l i t e . Only a few  o c c u r r e n c e s  n o te d , t y p i c a l l y  
w ith  y e l l o w - c o l o u r l e s s  p le o c h r o is m , and s a w -to o th  f r a c t u r e .
M o n a z ite . S m a ll u n ab rad ed  g r a in s ,  y e l lo w  w ith  a h ig h  
r e f r a c t i v e  in d e x ,  o p t i c a l l y  b i a x i a l l y  p o s i t i v e .
K y a n ite . V ery r a r e ,  as f ib r o u s  a g g r e g a te s .
H o rn b len d e . A few  g r a in s  s e e n .
A number o f  p o s s ib le  so u r c e  ro c k s  w ere a l s o  exam ined  
f o r  h eavy  m in e r a l c o n te n t .
The h eavy  m in e r a ls  fo u n d  in  th e  m etam orphic ro ck s  
depended  v e r y  much on th e  g ra d e ; g a r n e t s ,  prim ary y e l lo w  
r u t i l e ,  p in k -b row n  p le o c h r o ic  prim ary stum py to u r m a lin e ,  
and prim ary z ir c o n  com ing from  th e  h ig h  grad e r o c k s ,  and  
abraded  se c o n d a r y  z i r c o n ,  to u r m a lin e , and r u t i l e  com ing  
from  th e  low  g rad e r o c k s .
The Lower P a la e o z o ic  r o c k s  o f  th e  S , U p lan d s c o n ta in
40.
m o s tly  abraded  z ir c o n ,  b ro w n -p a le  brown p le o c h r o ic  
to u r m a lin e , and r u t i l e ,  and are  poor i n  met am orphic  
m in e r a ls  su ch  as g a r n e t  ( K e l l in g  195®)*
The L. Old Red S a n d sto n e  i n  th e  v i c i n i t y  o f  T urnberry  
( 21^ 6 1 2 7 ) c o n ta in s  abundant g a r n e t  w ith  abraded  z ir c o n ,  
but in la n d  tow ards th e  S . U plands o n ly  rounded to u r m a lin e  
and z ir c o n .
The h eavy m in e r a ls  o f  ’H ighland* o r i g in  fo u n d  i n  th e  
s a n d s to n e s  o f  th e  C em entstone Group in c lu d e  unabraded  
g a r n e t ,  p ink-brow n  p le o c h r o ic  to u r m a lin e , z i r c o n ,  y e l lo w  
r u t i l e ,  s t a u r o l i t e ,  k y a n i t e ,  and h o r n b le n d e . O ften  t h e s e  
m in e r a ls  may be seco n d a ry  in  o r i g i n ,  d e r iv e d  i n d i r e c t l y  
from  th e  met am orphic r o c k s  v ia  th e  L. Old Red S a n d sto n e ,  
but th e n  th e y  te n d  t o  show some r o u n d in g , p a r t i c u la r ly  th e  
g a r n e t s ,  w here t h e  f r e s h  e x tr e m e ly  ir r e g u la r  f r a c t u r e  t h a t  
c h a r a c t e r is e s  t h e  p r im a r ily  d e r iv e d  g a rn e t i s  l o s t  and 
th e  g r a in s  become s u b - s p h e r ic a l  w ith  a rough p i t t e d  
s u r f a c e .  The o c c u r r e n c e  o f  s t a u r o l i t e  and k y a n it e  s u g g e s t s  
a prim ary d e r iv a t io n ,  b e c a u se  o f  t h e i r  l e s s e r  a b i l i t y  t o  
s ta n d  s e v e r a l  c y c l e s  o f  e r o s io n  when compared w ith  g a rn et  
and z ir c o n .
The S . U pland proven an ce o f  L. P a la e o z o ic  and L. Old  
Red S a n d sto n e  ro ck s  i s  t y p i f i e d  by th e  p r e se n c e  o f  abraded  
h eavy m in e r a ls ,  m a in ly  z i r c o n ,  to u r m a lin e  and r u t i l e .
The z ir c o n  can be c l e a r ,  p in k  or p u r p le , and th e  to u r m a lin e  
c o n s i s t  m o stly  o f  la r g e  rounded fr a g m e n ts . The r u t i l e  
w hich  i s  fo u n d  i s  a lm ost a l l  f o x y -r e d  in  c o lo u r .
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D a i l l y  -  Cumnock R e g io n ,
In  t h i s  a rea  th e  two s u i t e s  o f  h eavy  m in e r a ls  can  
be r e c o g n is e d .  In  th e  lo w er  sa n d sto n e  su b -g ro u p  a la r g e  
number o f  th e  s a n d s to n e s  t e s t e d  y i e ld e d  g a rn et and o th e r  
m etam orphic m in e r a ls ,  a lo n g  w ith  z i r c o n ,  to u r m a lin e  and  
r u t i l e ,  a lth o u g h  th e  g a r n e t  i s  f r e q u e n t ly  rounded . I t  i s  
n ot l i k e l y  t h a t  th e  g a rn et c o u ld  h ave come from  nearby  
s o u r c e s ,  or  from  th e  s o u t h - e a s t ,  a s  th e  o n ly  ro c k s  a v a i l ­
a b le  a s  so u r c e  r o c k s  in  t h i s  a r e a , th e  L. Old Red Sand­
s t o n e ,  and th e  L. P a la e o z o ic  r o c k s , c o n ta in  i n s i g n i f i c a n t  
q u a n t i t i e s  o f  g a r n e t  or  s t a u r o l i t e ,  A more p ro b a b le  so u r c e  
i s  th e  met am orphic ro ck s t o  th e  n o r th -w e s t ,  a lth o u g h  th e  
Old Red S a n d sto n e  in  th a t  d i r e c t io n  i s  a l s o  known t o  
c o n ta in  su ch  m in e r a ls  a s  g a r n e t .  The rem ain d er o f  th e  
sa n d s to n e s  from  t h e  lo w er  sa n d sto n e  su b -g ro u p  c o n ta in  
h ig h ly  rounded z ir c o n ,  to u r m a lin e  and r u t i l e ,  w ith  abundant 
rounded opaque m in e r a ls ,  w h ich  a r e  p ro b a b ly  d e r iv e d  from  
th e  h in t e r la n d  o f  greyw ack es t o  th e  s o u t h - e a s t .  The upper  
sa n d sto n e  su b -g ro u p  shows much th e  same m ix tu re  o f  su ch  
prim ary m etam orphic m in e r a ls  as g a rn e t and y e l lo w  r u t i l e ,  
end su ch  rounded  seco n d a ry  m in e r a ls  as z i r c o n ,  to u rm a lin e  
and red  r u t i l e .  The m ix tu re  o f  L, P a la e o z o ic  c h e r t s ,  
j a s p e r  and s p i l i t e  p e b b le s ,  and D a lra d ia n  m etam orphic  
p e b b le s  co u ld  b e due t o  rew ork in g  o f  th e  L. Old Red Sand­
s to n e  sed im en ts  t o  th e  n o r th -w e s t ,  some o f  w hich  c o n ta in  
c h e r t s ,  s p i l i t e  and ja s p e r  p e b b le s .  The m etam orphic  
p e b b le s  w ould  be d e r iv e d  from  f u r th e r  n o r th -w e s t  ( s e e  F ig .
2 9 . )
The rounded  z ir c o n  to u r m a lin e , r u t i l e  and abundant 
opaq.ue m in e r a ls ,  and a b sen ce  o f  g a r n e t ,  i n  th e  sa n d s to n e s  
in  th e  Cumnock a re a  show t h a t  t h e  se d im en ts  a re  a l l  
d e r iv e d  from  a L, P a la e o z o ic  s o u r c e .  P resen t o u tc r o p s  
show L. P a la e o z o ic  ro ck s b o th  t o  t h e  n o r t h - e a s t  and t o  th e  
s o u t h - e a s t .
Ayr A rea .
Most s a n d s to n e s  exam ined in  t h i s  a r e a  c o n ta in  a h eavy  
m in e r a l s u i t e  t y p i f i e d  by g a r n e t ,  u s u a l ly  a n g u la r , rounded  
and unabraded  z ir c o n ,  u nabraded  y e l lo w  a c i c u la r  r u t i l e ,  
unabraded p in k - c le a r  to u r m a lin e , and o c c a s io n a l  k y a n i t e .
T h is  s u i t e  in d i c a t e s  a prim ary d e r iv a t io n  i n  m etam orphic  
r o c k s , p ro b a b ly  t o  th e  n o r th -w e s t .  The c o a r se  b a s a l  sand­
s to n e s  and co n g lo m e r a te s  o f  th e  D alrym ple a re a  c o n ta in  
heavy m in e r a ls ,  su ch  a s  g a r n e t  and y e l lo w  r u t i l e ,  ch a ra c­
t e r i s t i c  o f  a m etam orphic s o u r c e .  The g a rn e t how ever i s  
w e l l  rou n ded , and th e  r u t i l e  s l i g h t l y ,  th u s  s u g g e s t in g  a 
secon d ary  d e r iv a t io n  from  th e  L. Old Red S a n d sto n e ; th e  
n e a r e s t  a rea  o f  L. Old Red S a n d sto n e  o c c u r s  t o  th e  w e s t .
The p e b b le s  in  t h e  co n g lo m er a te s  are  o f  g rey w a ck e , g u a r t -  
z i t e  and q u a r tz , and a p in k  o r t h o c la s e  i s  v e r y  common i n  
th e  f i n e r  g r a d e s  o f  g r a in  s i z e  $ 0 0 -2 ,0 0 0  u .  The o n l y  l o c a (  
s o u r c e s  f o r  p in k  p o ta sh  f e l s p a r  a re  a c id  g n e is s  and p in k  
g r a n i t e s .  ITo p in k  g r a n i t e s  a re  fou n d  l o c a l l y ,  b u t la r g e  
a r e a s  o f  L ew i.sian  g n e is s  a re  p r e s e n t  t o  th e  w e s t  o f  K in ty r e ,  
a s i n  I s l a y ,  The f e l s p a r s  w ou ld  n o t n e c e s s a r i l y  come 
d ir e c t  from  th e  L e w is ia n , b u t c o u ld  come v i a  th e  L, Old
K i ImornocK
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P ig .  51 . The o c c u r r e n c e  o f  h eavy  m in e r a ls  a t  v a r io u s  
h o r iz o n s  i n  th e  C em entstone Group o f  th e  
N o rth ern  R e g io n .
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Red Sandstone as the heavy minerals suggest,
K ilm arnock  ^ C oalburn  A rea ,
The basal sandstones are characterised by an almost 
complete absence of such metamorphic minerals as garnet ; 
they contain instead rounded zircon, tourmaline and ru t i l e ,  
although at one locality  near Kilmarnock rounded garnet 
and s tau ra lite  occur (Pig. 30). The only middle horizon 
sandstone bed sampled also contains the rounded zircon -  
tourmaline -  ru t i le  su ite , and only in the higher sandstones 
do abundant and unabraded garnets appear. They are often 
accompanied by s tau ro lite , yellow ru t i le  and small pink 
tourmaline. The occasional occurrence of rounded meta- 
morphic minerals in  the lower sandstones suggests that 
they are derived from the L. Old Red Sandstone. The 
incoming of fresh garnet from the north suggests that a 
ba rrie r, presumably of îi. Old Red Sandstone, was reduced, 
and that sediments came d irectly  from a source in  meta- 
morphic rocks to the Kilmarnock -  Muirkirk area, (Pig. 2$).
N o rth ern  R e g io n .
The assemblages of heavy minerals obtained from the 
sediments of th is  northern region are unusual in  seldom 
showing a typical primary suite of netamorphic origin, 
despite th e ir  proximity to the Highland outcrops. This is  
particularly  true in the south-west, the Spout of Ballagan 
Sandstone at Laggan, Arran, for instance containing 
nothing but rounded zircon and ru t i le ,  (Pig. 31) • At 
Greenock similar rounded zircon, ru t i le  and tourmaline
p u .
occur, but large rounded garnet (up to ifJO u) is  very 
abundant. This garnet may not be secondary, but may be 
rounded simply because of i t s  large size. North-eastwards 
the proportion of large garnets increases in the sandstone, 
in samples of which from Gargunnock, in the extreme north­
east, unabraded tourmaline, zircon and ru t i le  appear.
This increase in primary heavy minerals probably re flec ts  
the grade of the adjacent metamorphic rocks.
The abundant rounded heavy minerals that occur 
throughout the Northern Region could not have come directly  
from a high grade metamorphic te rra in , but must be derived 
either from low grade met amorphic rocks, or from the Old 
Red Sandstone,
The heavy minerals of the Cement stones are almost 
exclusively rounded zircon, tourmaline, ru t i le  end smaller 
garnets, and only in the Gargunnock area do unabraded 
minerals appear. This suggests that over a great part of 
the ’Highland* area there was a cover of Old Red Sandstone, 
particularly  in  the e a r l ie r  part of the Cementstone Group, 
which la te r  became deeply dissectee, especially in the 
east, where metamorphic rocks of various zones were pro­
gressively exposed.
The comparative abundance of garnet in  West Ayrshire 
could be due to a thinner and more fragmented cover of 
Old Red Sandstone on the nearest adjacent metamorphic 
rocks of Kintyre. The Lewisian rocks which occur to the 
west, e.g. at Islay , may also have provided abundant 
metamorphic minerals.
Section if.. Tectonic Control on Sedimentation.
Control by contemporaneous faulting on the sedimenta­
tion of the CementStone Group, similar to  that recognised 
in the Limestone Series, (Richey 1957» PP* !)j5-]L]LC)), is  
particularly  notable in the Dailly area, where the out­
crops of U, Old Red Sandstone and Cement stone Group are 
bounded on the south-east by the Straiton Fault, and on 
the north-west by the Kerse Loch Fault. The influence of 
the Straiton Fault on the deposition of the lower sand­
stone sub-group is  indicated by the pebbles of acid 
porphyrite in the conglomerates, which could have been 
derived only from the outcrops to the immediate south-east 
of the Straiton Fault, upthrown along a fau lt line scarp; 
the great variation  in the coarseness of the e lastics 
may then be due to repeated movements along th is  fau lt .
The sudden facies change with increased thickness 
between the Ayr -  Dalrymple area and the Dailly -  Patna 
area suggests, as i t  does at higher riorizons in the 
Carboniferous, that the Kerse Loch Fault was an influence 
on sedimentation. From the irrry heavy mineral su ites, i t  
seems that met amorphic minerals could gain easy and 
frequent access from the north-west to the Dailly -  Patna 
region, but the secondary minerals coming from the L. 
Palaeozoic rocks were carried no farther north than the 
Dailly - Patna area. This one way flow of heavy minerals 
from north-west to south-east is  suggestive of an 
asymmetric control on the regional currents by a gradient
such as would he formed by contemporaneous faulting , the 
numerous local unconformities provide evidence that such 
tectonic movements were taking place.
The Highland Boundary Fault does not appear to have 
exercised a control on the sedimentation of either the 
Cement St ones or the Upper Cements tone Group. In the 
Helensburgh area both units are found to the north-west 
of the serpentine be lt , although they are comparatively 
thin; and although the shoreline may not have been fa r to 
the north-west, the Highland Boundary Fault does not 
appear to have been represented by a fault line scarp.
The only evidence that folding had any influence on 
sedimentation is  found along the south flank of the 
Campsie Fells. I t  has already been suggested (p.JlJ ) 
that there was warping of the Cementstone Group before 
the eruption of the lavas, along an axis running through 
the Corrieburn area (700709) , iu  a direction between 
north-west to south-east, and north-east to south-west. 
There is  an indication from the cross bedding directions 
found in the U. Sandstone Unit at Ballagan that some 
sediment was being derived from an easterly and south­
easterly direction, possibly from a swell caused by 
incipient folding in the area of Corrieburn.
Section 5 .  The Limestones and Associated Sediments.
The limestones found in the Cementstone Group may be 
divided into usually unfossiliferous ’cementstones’ and 
organic limestones, such as ’spirorbis*., ostracod, and
h i  19
j y  •
la m e l l ib r a n c h  l i m e s t o n e s ,  th o u g h  t h i s  d i v i s i o n  i s  n o t  
sh a r p , a s  some c e m e n ts to n e s  c o n t a in  s p i r o r b i d s  or  
o s t r a c o d s ,
C em e n ts to n e s ,
The term  ’ c e m e n t s to n e ’ i s  a p u r e ly  d e s c r i p t i v e  term  
t h a t  has b ee n  a p p l i e d ,  n o t  onli^ i n  th e  Cement s t o n e  Group 
but a t  h ig h e r  h o r iz o n s  a l s o ,  t o  hom ogeneous f i n e - g r a i n e d  
l im e s t o n e s  t h a t  re se m b le  a r t i f i c i a l  cem ent.
The cem ent8t o n e s  a t  B a l la g a n  ( B a i l e y  l g 2 $ , p . l l )
are  ^ 'a r g i l la c e o u s  d o lo m i t e  g re y  i n  c o l o u r ,  w i t h  a
somewhat f l i n t y  f r a c t u r e ,  w e a th e r  a cream w h i t e ,  and a r e  
p r a c t i c a l l y  u n f o s s i l i f e r o u s .  They a re  n o d u la r  t o  a
s l i g h t  e x t e n t ,  ”
The a s s o c i a t e d  s e d im e n ts  a re  p a le  g r e y - g r e e n ,  d eep  
b lu e - g r e e n  or r e d  s h a ly  and m ica c eo u s  s a n d s t o n e s ,  A 
p a r t i c u l a r l y  n o t i c e a b l e  c h a r a c t e r i s t i c  o f  t h e  c e m e n ts to n e s  
i s  t h e i r  h i g h l y  d e v e lo p e d  rh y th m ic  o c c u r r e n c e .
T h is  d e s c r i p t i o n ,  w h ich  a p p l i e s  t o  B a l la g a n  a lo n e ,  
does n o t  ta k e  a cco u n t o f  o th e r  a s s o c i a t e d  l im e s t o n e s  s t i l l  
c a l l e d  c e m e n ts to n e s  on t h e i r  c e m e n t - l ik e  a p p e a ra n ce , b u t  
w hich  do n o t  o c c u r  i n  a n o d u la r  f a s h i o n .  T h ese  two t y p e s  
o f  ce m e n ts to n e  are  e a s i l y  d i f f e r e n t i a t e d  i n  t h e  f i e l d ,  and  
th e y  w i l l  be r e f e r r e d  t o  by t h e  d e s c r i p t i v e  term s ’ n o d u la r ’ 
and ’ l a y e r e d ’ .
( i )  N od u lar  Cement s t o n e s .
N od u lar  c e m e n ts to n e s  o cc u r  a s  b ed s w i t h  i r r e g u l a r  
to p  and b a s e  ( th o u g h  t h e  b a se  i s  f r e q u e n t l y  p la n a r ) ,  o r  a s
P l .  1 9 .  S p i r o r b i s  l i m e s t o n e ,  Heads o f  A yr. x JO,
r
P I . 2 0 .  N odu lar  c e m e n ts to n e ,  Heads o f  Ayr.
P l .  21 . P o l i s h e d  s u r f a c e  o f  n o d u la r  c e m e n ts to n e ,  show ing  
b r e c c i a t i o n  i n  upper p a rt  o f  n o d u ie .
P I . 2 2 . P o l i s h e d  s u r f a c e  o f  n o d u la r  c e m e n ts to n e ,  show ing  
b r e c c i a t i o n  i n  upper p a rt  o f  n o d u le .
74-.
' l a y e r s  o f  n o d u le s  c o m p le t e ly  s e p a r a te d  from  ea c h  o th e r  
( p i .  2 0 ) .  T hese c e m e n t s t o n e s ,  w h eth er  c o n t in u o u s  or  
d i s c o n t in u o u s ,  are  in te r b e d d e d  w i t h  t h e  c a l c a r e o u s  
s h a le s  and m a r ls  i n  w h ich  t h e y  l i e .  They a r e  g re y  i n  
c o lo u r ,  a l th o u g h  th e y  o f t e n  w e a th e r  a p a le  y e l lo w -b r o w n .  
When t h e y  are cu t  and p o l i s h e d  many show a b r e c c i a t i o n  
and a s t r e a k y  ap p earan ce  due t o  f i l m s  o f  a r g i l l a c e o u s  
m a t e r i a l  (ph .a/5^ .  The su r r o u n d in g  s h a l e s  and m a r ls  show a 
d i s t o r t i o n  round t h e  n o d u la r  shape o f  th e  c e m e n ts to n e s ,  
due t o  co m p a c t io n , th e  lam in a  a p p e a r in g  t o  run th r o u g h  
t h e  t o p  p a rt  o f  some o f  th e  n o d u le s .
No su c h  s e d im e n ta r y  s t r u c t u r e s  as  r i p p l e  marks or  
sun  B racks can be  fo u n d  on th e  t o p  o f  t h i s  ty p e  o f  r o c k .  
N odular c e m e n ts to n e s  a re  a lw a y s  o v e r l a i n  and u n d e r la in  
by m a r ls  or s h a l e s ,  and n e v e r  d i r e c t l y  by s a n d s t o n e s .
( i l )  L ayered  C em entstones.
The m ain f e a t u r e  w h ich  d i f f e r e n t i a t e s  t h e  ’ l a y e r e d ’ 
ty p e  from t h e  ’ n o d u la r ’ t y p e  i s  t h e i r  c o m p le te ly  r e g u la r  
upper and lo w er  s u r f a c e s .  The upper s u r f a c e  commonly 
shows su ch  s t r u c t u r e s  a s  r i p p l e  marks and sun c r a c k s ,
( p i . 2 4  ) .  I n t e r n a l l y  t h e  b ed  i s  s t r a t i f i e d ,  o f t e n  
la m in a te d  w i t h  s i l t y  or san dy  s t r e a k s .  D is tu r b e d  b e d d in g ,  
s c o u r  m arks, su n  c r a c k s ,  and f i n e  c r o s s - l a m i n a t i o n  are  
commonly a s s o c i a t e d  i n  t h e s e  l a y e r s  (pluîar-ae), and 
o c c a s i o n a l l y  t h e y  c o n t a in  lam in ae  o f  s p i r o r b i d s ,  o s t r a c o d s ,  
or la m e l l i b r a n c h s .  A l l  t h e  e v id e n c e  s u g g e s t s  t h e  d e p o s i ­
t i o n  o f  l a y e r e d  c e m e n ts to n e s  a s  prim ary s e d im e n t s ,  t h e  
n o d u la r  c e m e n ts to n e s  a s  se co n d a r y  s e g r e g a t i o n s .






F ig*  52* The i n s o l u b l e  r e s id u e  c o n t e n t ,  and th e  
Ca /  Mg r a t i o  o f  some n o d u la r  
la y e r e d  c e m e n ts to n e s .
C hem ical a n a l y s i s  (T a b le  l )  f o r  c a lc iu m , magnesium  
and i n s o l u b l e  r e s id u e  was made on a number o f  l im e s t o n e s  
from Heads o f  Ayr. The e s t i m a t i o n  o f  th e  ca lc iu m  and th e  
magnesium was c a r r i e d  ou t by t i t r a t i o n  w ith  v e r s e n e .
The i n d i c a t o r  f o r  th e  c a lc iu m  was c a l4 i n ,  t h e  t i t r a t i o n  
b e in g  done i n  U.V, l i g h t ,  and t h e  i n d i c a t o r  f o r  th e  
com bined c a lc iu m  and magnesium was Eriochrom e B la c k  T.
The magnesium was fou n d  by d i f f e r e n c e ,  and th e  p e r c e n ta g e s  
o f  ea ch  a s  c a r b o n a t e s ,  t h e  Ca/Mg r a t i o  (by w e ig h t )  b e in g  
c a l c u l a t e d .
T ab le  1 .
54- 56 57 59 4-0 4-1 4 2 a 4 2 b
CaCOj per c e n t 7 0 .0 5 1 .5 5 8 .0 4 1 . 0 7 7 .0  5 6 .0  5 6 .0  7 0 .0
MgCO  ^ per c e n t if. if 3 8 .0 2 7 .0 2 8 .0 8 .6 2 9 .0  2 1 .0 7 . 0
I n s o lu b l e
r e s id u e 2 1 .5 22 .1 2 6 .0 2 8 .0 11 .6 2 8 .0  2 5 .6 1 9 .0
Ca/Mg r a t i o 2 2 . if 1 .2 2 . 0 2 . 1 1 2 .8 1 .7 5  5 .7 7  10 .2
Type o f  L s t . N N L L N L Ost
if5 # 45 47 48 49 50 52
CaCOj per ce n t ifZ .o 6 7 .0 4 4 .0 4 7 .0 5 1 .0  4 8 . 0  4 8 .0  5 7 .0
MgCOj p er  c e n t 2 7 .0 7 .7 5 0 .0 1 9 .0 5 5 .0 2 2 .0  2 9 .0  2 4 .0
I n s o l u b l e
r e s id u e 2if.O 2 5 .0 2 2 .0 2 9 .0 1 2 .0  2 6 .0  2 0 .0 1 5 .0
Ca/Mg r a t i o 2 . if7 1 2 .2 2 .0 7 5 .8 8 2.15 5 .15  2.55 5.28
Type o f  L s t . N S p ir N N N N L N





sha ly  l a y e r
MarlI
foyc ÿo% z'o% 40% $0% ioji 





P i g ,  5 5 * A s e r i e s  o f  a n a ly s e s  th r o u g h  a n o d u la r  
ce m e n tsto n e  and a s s o c i a t e d  m a r l.
55 5^a 56b 57a 57b 57c 60a
CaCOj per  c e n t  8 6 .0  4 8 . 0  7 5 .0  7 7 .0  52)..0 5 5 .0  8 6 .0
MgCOz p er  c e n t  I . 5  2 9 .0  2)..2^  5 . 9  6 .5  2 7 .0  1|..5
I n s o lu b l e
r e s id u e  12 .0  2 2 .0  17.O 15.O 5 6 .0  16.O 6 .0
Ca/Mg r a t i o  8 5 .0  2 .2  2 5 .9  2 7 .2  7 . 5  2 .8 5  28 .6
Type o f  L s t ,  Ost L L L O s t . s h ,  L L
N -  N odu lar . L -  L ayered . Ost -  O stracod  l im e s t o n e ,
sh  -  s h a l e .  S p ir  -  S p ir o r b i s  L im e sto n e .
The n o d u la r  c e m e n ts to n e s  a l l  t e n d  t o  c o n c e n tr a te  i n  
a grou p  w ith  a Ca/Mg r a t i o  v a r y in g  from 1 . 2 /1  t o  J . 20/ l ,  
and an i n s o l u b l e  r e s id u e  c o n te n t  v a r y in g  from  IJ  per  
ce n t  t o  29 per c e n t  ( F i g .  5 2 ) ,  Thus i t  can be s e e n  t h a t  
t h e  n o d u la r  c e m e n ts to n e s  a re  h i g h l y  a r g i l l a c e o u s  and 
d o lo m i t i c  ( s e e  Young 186/ ,  PP# 209- 212 ) i n  c h a r a c t e r .
The ’ l a y e r e d ’ ty p e  however have a much w id e r  ran ge i n  
Ca/Mg r a t i o ,  2 . l / l  t o  28 . 6 / 1 , and t h e  i n s o l u b l e  r e s id u e  
p e r c e n ta g e s  range from  28 t o  6 .
Nod u la r  C em en ts to n es .
The Ca/Mg r a t i o  i n  a s e l e c t e d  n od u lar  cem en tsto n e  
( F i g .  55 ) shows a f a i r l y  sh arp  r i s e  from 2 , l / l  t o  I . 5 / 1  
i n  t h e  s h a le  b e n e a th  th e  cem en tsto n e  t o  a f a i r l y  c o n s ta n t  
v a lu e  o f  about 2 . 8 /1  i n  t h e  c e m e n ts to n e .  Above th e  
cem en tston e  i t  f a l l s  s h a r p ly  back t o  2 . i / i ,  and th e n  
g r a d u a l ly  t o  I . 5 / I  b e n e a th  t h e  n e x t  cem en tston e  ab ove .
The p e r c e n ta g e  o f  s o l u b l e  r e s id u e  i s  much more v a r i a b l e ,
01 •
but a g e n e r a l  p a t t e r n  can  be d i s c e r n e d .  B en ea th  t h e  
c e m e n ts to n e  th e  i n s o l u b l e  r e s id u e  c o n t e n t  i s  66 p er  c e n t ,  
and i t  f a l l s  r a p id ly  t o  about l 6  p er  c e n t  a t  t h e  b a s e  o f  
t h e  c e m e n ts to n e .  Upwards th ro u g h  t h e  cem en tsto n e  i t  
d i s p l a y s  an e r r a t i c  r i s e  from  about l 6  p er  c e n t  n ea r  t h e  
b a s e ,  t o  about 25 t o  58 per  c e n t  n ea r  th e  t o p .
The in c r e a s e  a c r o s s  th e  to p  o f  t h e  cem e n tsto n e  i s  n o t  
n e a r ly  as  sh a rp  a s  a t  th e  b a s e ,  and o c c a s i o n a l l y  t h e r e  i s  
a la c k  o f  d e f i n i t i o n  as  t h e  ce m e n ts to n e  p a s s e s  up i n t o  
t h e  m a r l a b o v e . The m arls  above th e  cem en tsto n e  show an 
i r r e g u l a r  r i s e  i n  i n s o l u b l e  r e s id u e  from  52 t o  57 per  
c e n t ,  t o  if8 t o  6if p er  c e n t .
The i n t e r n a l  s t r u c t u r e s  v i s i b l e  i n  p o l i s h e d  s e c t i o n s  
a re  a l l  i n d i c a t i v e  o f  s e g r e g a t i o n  o f  t h e  c a r b o n a te  i n  
p r e - e x i s t i n g  d o l o m i t i c  m arls  and s h a l e s  . In
some sp ec im en s  t h e  c la y  c o n te n t  h as  b een  f o r c e d  i n t o  t h i n  
f i l m s  su r r o u n d in g  r e g i o n s  o f  c a r b o n a te  s e g r e g a t i o n
. In  o t h e r s  t h e  o r i g i n a l  la m in a e  o f  th e  s h a le  
and m arl have b ee n  d i s r u p t e d ,  p a r t i c u l a r l y  i n  th e  u pper  
p art o f  t h e  b ed , by t h e  i n c r e a s e  i n  volum e due t o  th e  
i n t r o d u c t i o n  o f  c a r b o n a t e s .  T h is  d i s r u p t i o n  s t r o n g l y  
s u g g e s t s  t h a t  s e g r e g a t i o n  to o k  p la c e  when t h e  s e d im e n ts  
were n o t l i t h i f i e d ,  i n  f a c t  i t  p ro b a b ly  o c c u r r e d  a few  
in c h e s  b e low  t h e  d ep o s i t i o n a l  i n t e r f a c e  im m e d ia te ly  a f t e r  
d e p o s i t i o n ,  th r o u g h  a change i n  t h e  pH o f  t h e  i n t e r s t i t i a l  
w a te r .
I f  d u r in g  t h e  d e p o s i t i o n  o f  t h e  m arls  and s h a l e s  t h e
Chemical d ep osition  of CoCOj & MgCOji
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P i g ,  Jif, To i l l u s t r a t e  th e  s u g g e s t e d  mode o f
fo r m a t io n  o f  n o d u la r  c e m e n ts to n e s .
. pH was o v e r  8 ,  a s  seem s p ro b a b le  (p ,  6% ) ,  t h e n  t h e  
tem porary  d r o p  i n  pH t o  b e lo w  7 . 8  i n  t h e  i n t e r s t i t i a l  
w a te r  o f  t h e  s e d im e n ts  im m e d ia te ly  b e lo w  th e  i n t e r f a c e  
(B r u e v ic h  and V in o g r a d o v a , 19^7 ? summ arised by C h i l in g a r  
1 9 5 8 , p . 215 ; S i s l e r  i 9 6 0 ,  p . 192) ,  w ould  cau se  s o l u t i o n  
o f  t h e  c a r b o n a t e s ,  w h ich  w ould  be d e p o s i t e d  f u r t h e r  down 
i n  t h e  com p actin g  s e d im e n ts  where t h e  pH once a g a in  
r i s e s  ( s e e  P i g ,  )
The r e a so n  f o r  t h e  rh y th m ic  fo r m a t io n s  o f  t h e s e
l e v e l s  o f  r e d e p o s i t i o n  on s e g r e g a t i o n  may be foun d  i n  t h e
v a r i a t i o n  i n  p e r m e a b i l i t y  o f  t h e  m a r ls  and s h a l e s  i n  t h e
seq .uence . Thus i f  a s e r i e s  o f  m arls were d e p o s i t e d  i n
r h y th m ic  l a y e r s  w i t h  more im perm eable s h a l e ,  th e n  t h e
s h a l e s  c o u ld  p r o v id e  a r e l a t i v e l y  e f f i c i e n t  b a r r i e r  t o
t h e  downward p e r m e a t io n  o f  c a r b o n a te s .  Such s h a ly  l a y e r s
kelow
can b e  s e e n  t o  e x i s t s  t h e  c e m e n t s to n e s ,  a f a c t  brought out  
by t h e  i n s o l u b l e  r e s i d u e  c o n te n t  ( F i g ,  5 5 )> w h ich  i s  
h ig h e s t  j u s t  b en e a th  t h e  c e m e n ts to n e s .  A mode o f  form a­
t i o n  su ch  a s  t h i s  w ould  a cc o u n t  f o r  t h e  in c r e a s e  i n  th e  
s o l u b l e  r e s id u e  o f  th e  ce m e n ts to n e  tow ards t h e  t o p .  The 
d i f f e r e n c e  i n  Ca/Mg r a t i o  b e tw een  t h e  m arl and t h e  
ce m en tsto n e  c o u ld  be a r e s u l t  o f  d i f f e r e n t i a l  l e a c h in g  
and s e g r e g a t i o n  b e tw e en  t h e  two i o n s ,  t h i s  b e in g  c o n t r o l l e d  
by t h e  pH o f  th e  l e a c h in g  and d e p o s i t i n g  s o l u t i o n s .
M ic r o s c o p ic  D e s c r i p t i o n  o f  N odu lar  C em en ts to n e s ,
(PI.31 ).________ __________________________
Under th e  m ic r o sc o p e  t h e  c e m e n ts to n e s  a re  s e e n  t o  b e  
composed o f  an e x tr e m e ly  f i n e - g r a i n e d  mass o f  r e c r y s t a l l i s e c
P l .  2 5 .  L ayered c e m e n ts to n e  sh ow ing  c u r r e n t  
l a m in a t io n s ,  from  Heads o f  A yr,
P I , 2if, L ayered  c e m e n ts to n e  sh ow ing  d i s t u r b e d  
b ed d in g  a t  l e f t  hand s i d e .
.'.I
P l .  2 5 ,  L ayered  c e m e n ts to n e  sh ow in g  b ed d in g
brok en  by r i s i n g  g a s  b u b b le s .
s
P l .  2é .  L ayered  c e m e n ts to n e  w i t h  band o f  s p i r o r b i s ,
‘"'y •' î V»
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P l .  2 7 .  Dark c o lo u r e d  sandy la y e r e d  ce m e n ts to n e  
w it h  f l a t  p e b b le  c o n g lo m e r a te  and p la n t  f r a g m e n ts .
I
P I, 2 8 .  T h in  s e c t i o n  la y e r e d  c e m en ts to n e  w ith  dark  
ca rb o n a ceo u s  fr a g m en ts  and worm b urrow s.
m
P I, 2 9 , T h in  s e c t i o n  n o d u la r  ce m en ts to n e  show ing
even  g r a in e d  rhom bic c r y s t a l s  o f  d o lo m i te .  x 200 .
d o lo m ite ;  t h e  i n d i v i d u a l  rhombohedra o f  d o lo m ite  range  
i n  s i z e  from  7 t o  11 u,* G ra in s  o f  q u a r tz  and f e l s p a r ,  
o f t e n  co r ro d ed  by d o lo m i t e ,  a re  s c a t t e r e d  th ro u g h o u t  
th e  r o c k .  The o n ly  f o s s i l s  are  s p o r e s ,  and an o c c a s i o n a l  
r e c r y s t a l l i s e d  o s t r a c o d  v a l v e .
L ayered  C e m e n ts to n e s .
The i n t e r n a l  s t r u c t u r e  and t h e  e x t e r n a l  r e l a t i o n s h i p  
o f  t h e  la y e r e d  ty p e  o f  cem e n tsto n e  t o  t h e  a s s o c i a t e d  
se d im e n ts  i n d i c a t e  t h a t  t h e y  were d e p o s i t e d  as b ed s o f  
l im e s to n e  i n  s h a l lo w  w a te r  w ith  g e n t l e  c u r r e n t s .  The 
a n a l y s i s  i n  T ab le  1 show t h a t  t h e s e  rocks a r e  d o lo m ite s  
and d o lo m i t i c  l i m e s t o n e s ,  ( c . f .  C h i l i n g a r ,  1957» P. 1 8 7 ) .
The o r i g i n  o f  t h e  d o lo m ite  i s  o b s c u r e ,  but i t  i s  
a lm ost  c e r t a i n  t h a t  i t  i s  f o r  t h e  most p a r t  not o f  
e p i g e n e t i c  o r  l a t e  d i a g e n e t i c  o r i g i n ,  s i n c e  t h e  cem ent­
s t o n e s  show a u n ifo rm  f i n e n e s s  o f  g r a i n ,  la c k  p o r o s i t y ,  
and any f o s s i l s  t h e y  c o n t a in  are o f t e n  c o m p le te ly  u n r e ­
c r y s t a l l i s e d .
The s e d im e n ta r y  s t r u c t u r e s  su ch  a s  c r o s s - la m in a t io n  
are p e r f e c t l y  p r e s e r v e d ,  and show no e v i d e n c e  o f  o b l i t e r a ­
t i o n  su ch  as i s  fo u n d  i n  e p i g e n e t i c  or l a t e  d i a g e n e t i c  
d o lo m it e s .
I t  i s  s u g g e s t e d  t h a t  t h e  la y e r e d  c e m e n ts to n e s  were  
d e p o s i t e d  e i t h e r  a s  prim ary p r e c i p i t a t e s  o f  d o lo m i t e ,  or  
a s  a h ig h  magnesium p r e c i p i t a t e  o f  d r e w ite  o r  a r a g o n i t e ,  
w hich  s u b s e q u e n t ly  were c o n v e r te d  by e a r l y  or contem por­
an eou s d i a g e n e s i s  t o  d o lo m ite .   ^ The la y e r e d  c e m e n ts to n e s  
are  o n ly  abundant i n  th e  Ayr -  K ilm arnock R e g io n , b e in g
a lm o st  c o m p le te ly  a b sen t  from  t h e  N orth ern  R e g io n , i . e .  
th e y  are  o n ly  fo u n d  i n  t h e  r e g i o n  w it h  t h e  s t r o n g e s t  
m arine a f f i n i t i e s  ( p . 6 ^ ) .  The p o s s i b i l i t y  t h a t  some 
o rg a n ism , w h ich  c o u ld  o n ly  t o l e r a t e  c o n d i t i o n s  n ear  t o  
m a r in e ,  was r e s p o n s i b l e  f o r  t h e  d e p o s i t i o n  o f  t h e s e  r o c k s  
cannot be o v e r lo o k e d .  I t  i s  p o s s i b l e  t h a t  th e y  were  
d e p o s i t e d  by t h e  d i s i n t e g r a t i o n  o f  a l g a e ,  b u t no a l g a l  
rem ains h ave b een  re c o r d e d  from  t h e s e  r o c k s .
Dep o s i t i o n a l  Environm ent o f  th e  C em en tston es  and 
t h e i r  A s s o c i a t e d  S t r a t a .
The v a r i o u s  p a ra m eters  t h a t  make up t h e  env ironm ent  
a r e  t h e  c u r r e n t  s t r e n g t h  and t u r b u le n c e ,  t h e  d ep th  o f  
th e  w a te r ,  th e  d e g r e e  o f  o x i d a t i o n  or r e d u c t io n  (E h ) ,  
th e  s a l i n i t y ,  t h e  h yd rogen  io n  c o n c e n t r a t io n  (p H ), and 
th e  tem p e ra tu r e  o f  t h e  w a te r .
Some o f  t h e s e  p aram eters  have already»' b een  m en tio n ed  
(pp^3iH)> v i z .  th e  s t r e n g t h  and tu r b u le n c e  o f  t h e  c u r r e n t s ,  
and th e  d epth  o f  t h e  w a te r ,  b u t  th e y  w i l l  be commented  
upon h e r e  i n  more d e t a i l .
( l )  S t r e n g t h  and T u rb u len ce  o f  C u r re n t .
I n  g e n e r a l  t h e  ex trem e f i n e n e s s  o f  t h e  g r a in s  o f  
th e  n o n -c a r b o n a te  e l a s t i c s  i n d i c a t e s  v e r y  g e n t l e  c u r r e n t s .  
At t im e s  n o th in g  b u t  c l a y  g ra d e  m a t e r ia l  was b rought i n ,  
a s  i n  some o f  t h e  g r e y  m a r ls ,  when d e p o s i t i o n  must have  
b een  s lo w  and u n ifo r m . D u rin g  th e  d e p o s i t i o n  o f  th e  
la y e r e d  c e m e n t s to n e s ,  h a r d ly  any n o n -c a r b o n a te  e l a s t i c s  
were b ro u g h t  i n  a t  a l l ,  t h e  c u r r e n t  la m in a t io n s  fo u n d  i n  
them i n d i c a t i n g  g e n t l e  s i f t i n g  o f  t h e  prim ary c h e m ic a l
OJ.<
y
p r e c i p i t a t e s .  The s i l t y  and  f i n e  c u r r e n t - la m in a te d  
s a n d s to n e s  i n d i c a t e  p e r io d s  o f  s t r o n g e r  i n  f lo w  o f  
s e d im e n ts  from  t h e  la n d  s u r f a c e s ,  w h i l e  c r o s s  b edded  
s a n d s to n e s  i n d i c a t e  s t r o n g  c u r r e n t s ,
( i i )  D epth  o f  Wat e r .
The d ep th  ap p ears  t o  have b een  h i g h l y  v a r i a b l e ,  but  
i t  seem s p r o b a b le  t h a t  th e  d ep th  n e v e r  e x c e e d e d  a few  
f e e t ,  w ith  f r e q u e n t  p e r io d s  o f  l o c a l  em ergence and 
s h o a l i n g ,  d u r in g  w h ich  r i p p l e  m arking and su n  c r a c k in g  
to o k  p l a c e ,
( i i i )  The Redox P o t e n t i a l ,
The m ain in d e x  o f  t h e  Redox p o t e n t i a l  i s  t h e  s t a t e  
o f  t h e  i r o n  compounds, w h ich  i n  t h e  c a s e  o f  t h e  dark  
s h a l e s ,  and i n  some o f  t h e  * l a y e r e d ’ c e m e n ts to n e s  i s  i n  
t h e  form  o f  p y r i t e s .  Some o f  t h e  la y e r e d  low-m agnesium  
c e m e n ts to n e s  o f  t h e  S orn  and Ayr a r e a s  are f a i r l y  r i c h  
i n  dark o r g a n ic  m a t e r i a l ,  and c o n t a in  abundant i r o n  
p y r i t e s  i n  s t r i n g e r s  th r o u g h o u t  th e  b e d . In  a bed  o f  
s h a le  a t  Heads o f  Ayr ( s e e  h q , J r Z ) , b o th  d is s e m in a te d  
c r y s t a l l i n e  i r o n  p y r i t e s ,  and i n d i v i d u a l  p e r f e c t  c r y s t a l s  
o f  s p h a l e r i t e  w ere fo u n d , s u g g e s t in g  a Redox p o t e n t i a l  
o f  a t  l e a s t  Bh -  O .2 5 ,  i . e ,  below  t h e  ’ s u lp h a t e  -  s u l p h i d e ’ 
f e n c e  (Krumbein & G a r r e ls  195^j P i g .  8 ) .
A lth ou gh  t h e  p r e s e n c e  o f  i r o n  s u lp h id e  i n  a sed im en t  
i n d i c a t e s  t h a t  a t  some t im e  i t  h as b een  under r e d u c in g  
c o n d i t i o n s ,  t h i s  d o e s  n o t  n e c e s s a r i l y  mean t h a t  t h e  
d e p o s i t i o n a l  c o n d i t i o n s  were r e d u c in g .  I t  i s  p o s s i b l e
f b r  t h e  w a te r  above th e  d e p o s i t i o n a l  i n t e r f a c e  t o  be  
o x i d i s i n g ,  and t h e  se d im e n t  b e n e a th  can be u n d er  a 
r e d u c in g  i n f l u e n c e  (Krumbein &  G a r r e ls  1952 , pp. 19 , 20 
F i g .  5) • iTi s h a l lo w  e v a p o r i t e  c o n d i t i o n s  l i k e  t h o s e  o f  
t h e  C em entstone Group, t h e  c i r c u l a t i o n  o f  w a te r  i n  m ost  
p la c e s  w ou ld  be en h an ced  by c o n v e c t i o n ,  and th u s  b ottom  
c o n d i t i o n s  w o u ld  te n d  t o  be o x i d i s i n g ,  a l th o u g h  t h i s  
d oes n o t  p r e c lu d e  t h e  f o r m a t io n  o f  p y r i t e s  i n  t h e  b ottom  
s e d im e n t .
( I v )
The o n ly  e v id e n c e  r e g a r d in g  t h e  pH o f  t h e  w a te r  i s  
m i n e r a l o g i c a l ,  t h e  main i n d i c a t o r s  b e in g ^ th e  c a r b o n a te s  
and s i l i c a ,  C a l c i t e  w i l l  n o t  p r e c i p i t a t e  i n  an a c i d  
en v iron m en t (Krumbein & G a r r e ls  195^ , F i g ,  8 ) ,  and th e  
p r e c i p i t a t i o n  o f  magnesium io n s  i s  fa v o u r e d  by a h ig h  pH 
( C h i l in g a r  1955» P* 55) 3 highe^r th a n  t h a t  n e c e s s a r y  f o r  
th e  p r e c i p i t a t i o n  o f  c a lc iu m  i o n s .  The abundance o f  
h i g h l y  m a g n esia n  l im e s t o n e s  i n  t h e  C em entstone Group i s  
v er y  s u g g e s t i v e  o f  c o n d i t i o n s  w i t h  a pH w e l l  above 8 , 
and p o s s i b l y  t e n d in g  tow ard s  9 - 
S a l i n i t y ,
The s e d im e n ta r y  s t r u c t u r e s  i n d i c a t e  t h a t  h ig h  
s a l i n i t y  was f r e q u e n t  ( s e e  p . 1*4 ) ,  A f u r t h e r  i n d i c a t i o n  
o f  h ig h  s a l i n i t y  i s  t h e  p r e s e n c e  o f  gypsum, w h ich  i s  fo u n d  
i n  two d i f f e r e n t  c o n d i t i o n s :
(1 )  a s  i r r e g u l a r  v e i n s  i n  j o i n t s  and b e d d in g  p la n e s  
i n  m arls  and c e m e n ts to n e  s e q u e n c e s .  T h is  o c c u r r e n c e  i s
4#
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P l .  5 0 . L ayered  c em e n ts to n e  w ith  r e c r y s t a l l i s e d
c a l c i t e  in te r g r o w n  w i t h  gypsum, x ) 0 .
P l .  3 1 .  C a l c i t e  and gypsum in t e r g r o w n .  G ross N i ç o i s .  
Prom P l .  5 0 .  X 200 .
P l .  5 2 .  C r y s t a l  o f  s p h a l e r i t e  i n  o s t r a c o d a l  
s h a l e .  X JO.
b^.
o b v io u s ly  n o t  p r im a ry , b u t  came from  prim ary gypsum 
p r e v i o u s l y  con cordan t w i t h  t h e  b e d d in g .  I n  some c a s e s  
i t  i s  fo u n d  i n  i r r e g u l a r  m a sses  w i t h i n  t h e  n o d u la r  
cem en tS to n es  ;
(2 )  a s  c o m p le te ly  r e c r y s t a l l i s e d  l a y e r s  ( ^ b e e f ’ ) 
w i t h i n  th e  la y e r e d  c e m e n ts to n e .  The f i b r o u s  gypsum i s  
in te r g r o w n  w i t h  t h e  c a l c i t e  c r y s t a l s ,  and ap pears  t o  be  
n ea r  i t s  o r i g i n a l  p o s i t i o n  o f  d e p o s i t i o n  ( s e e  Pig,3:0,31).
No o th e r  e v a p o r i t e s  o c c u r ,  and e v a p o r a t io n  c o u ld  
n o t have b ee n  i n t e n s e  o r  p r o lo n g e d .
The o c c u r r e n c e  o f  s a n d s to n e s  and r e d -g r e e n  s i l t y  
b e d s ,  p a r t i c u l a r l y  i n  a r e a s  m a rg in a l  t o  t h e  b a s in  o f  
d e p o s i t i o n ,  s u g g e s t s  t h a t  a t  t im e s  l a r g e  amounts o f  f r e s h  
w a te r  were in t r o d u c e d .  T h is  w ould h ave t h e  e f f e c t  o f  
r e d u c in g  t h e  s a l i n i t y  o f  w a te r  t h a t  d o u b t l e s s  f l u c t u a t e d  
from  f r e s h  t o  b r a c k is h  t o  m arine t o  p e n e s a l i n e .
T em p eratu re .
The p r e s e n c e  o f  e v a p o r i t e s  and th e  o c c u r r e n c e  o f  
abundant s u n -c r a c k e d  s u r f a c e s  p o in t s  t o  a h ig h  c l i m a t i c  
t e m p e r a tu r e .  The cA /%  r a t i o  may be u sed  as a r e l a t i v e  
m easure o f  tem p era tu r e  ( C h i l in g a r  1955» PP. , i t s
u s e  as an a b s o lu t e  therm om eter b e in g  b a r r e d  b e c a u se  o f  
t h e  c o n t r o l  t h a t  i s  a l s o  e x e r t e d  on t h e  Ca/Mg r a t i o  by
r-
t h e  h yd rogen  i o n  c o n c e n t r a t io n  and th e  d ep th  o f  w a te r .  
Assum ing t h a t  no a p p r e c ia b le  q u a n t i ty  o f  magnesium has  
b een  added or s u b t r a c t e d  t o  th e  se d im e n ts  s i n c e  e a r ly  
d i a g e n e s i s ,  t h e n  t h e  e x tr e m e ly  low Ca/Mg r a t i o  o f  some 
o f  th e  la y e r e d  c e m e n ts tc n e s  does seem t o  i n d i c a t e  a w a ter
04.
,tem p era tu re  g r e a t e r  th a n  t h a t  f o r  in s t a n c e  o f  t h e  Bahama 
B anks, where t h e  Ca/Mg r a t i o  o f  th e  l im e s to n e s  i s  h ig h e r ,
A h ig h e r  w a te r  tem p era tu re  d oes  n o t  i n f e r  t h a t  t h e  a i r  
tem p era tu re  was h ig h e r ,  b e c a u se  a s h a l lo w  more r e s t r i c t e d  
b a s in  o f  w a te r  su ch  as t h e  Ce ment s to n e  Group was d e p o s i t e d  
i n  w ould  become much warmer f o r  a g iv e n  a i r  tem p era tu re  
th a n  an open a re a  o f  w a te r  su ch  a s  t h e  Bahama Banks.
The p r e s e n c e  o f  p e d o c a l  s o i l s  s i m i l a r  t o  t h o s e  foun d  
at th e  m a rg in a l  a r e a s  o f  t h e  b a s i n ,  i n  t h e  lo w er  and  
u pper sa n d s to n e  su b -g r o u p , o f  Da i l l y ,  and i n  th e  Spout  
o f  B a l la g a n  S a n d s to n e ,  o f t e n  i n d i c a t e s  in fr e q u e n t  but  
heavy r a i n f a l l ,  w hich  w ould  produce t h e  f l a s h  f l o o d s  t o  
t r a n s p o r t  th e  o u tw a sh -fa n  se d im en ts  down i n t o  t h e  b a s in ,  
and t o  lo w er  t h e  s a l i n i t y  i n  th e  e v a p o r i t e  b a s in  
p a r t i c u l a r l y  at  t h e  m a rg in s .
The a s s o c i a t i o n  o f  gypsum, la m in a te d  d o lo m i t e s ,  
m arls and m a rg in a l  red  beds i s  a t y p i c a l  e v a p o r i t e  
assem blange more i n d i c a t i v e  o f  p e n e s a l in e  th a n  o f  hy­
p e r s a l i n e  c o n d i t i o n s  ( S l o s s  1955» PP. l i f j - l é l ) .
The ab sen ce  o f  t h i c k  e v a p o r i t e s  i n  s e c t i o n s  a v a i l a b l e  
f o r  ex a m in a t io n  may be due t o  th e  l o c a t i o n  o f  th e  
s e c t i o n s  near m a rg in a l  a r e a s ,  where t h e  rock s were 
in f l u e n c e d  s t r o n g l y  by f r e s h  w a te r  i n f l u x .  I t  i s  more 
l i k e l y  however t h a t  i n  t h e  p e n e s a l in e  c o n d i t io n s  w h ich  
e x i s t e d  no more th an  minor q u a n t i t i e s  o f  gypsum would  
b e  d e p o s i t e d .
C hapter 4 . P a la e o n t o lo p y .
The fa u n a  o f  t h e  cem ents t o n e s  i s  s p a r s e  and r e s t r i c ­
t e d ,  e s p e c i a l l y  i n  t h e  a r e a s  where d o l o m i t i c  m a rls  and  
n o d u la r  c e m e n ts to n e s  p red o m in a te . The ro ck s  i n  w h ich  
f o s s i l s  a r e  commonest a r e  th e  dark s i l t y  s h a l e s ,  and th e  
a s s o c i a t e d  la y e r e d  c e m e n ts to n e s .  V a r ie d  and p l e n t i f u l  
fa u n a s  are  fo u n d  o n ly  i n  t h e  Ayr a r e a  and i n  t h e  C u ltr a  
o u tc r o p .  The K iIm arnock-C oalburn  o u tc r o p  has a r e l a t i v e l y  
poor fa u n a ,  and v i r t u a l l y  n o th in g  i s  t o  be found  i n  t h e  
N o rth ern  R e g io n .
The dominant e le m e n t  i n  t h e  fa u n a  o f  t h e  Ayr a r e a  
i s  t h e  o s t r a c o d s ,  r e p r e s e n t e d  i n  f i v e  g en er a  and e i g h t  
s p e c i e s ,  S p i r o r b i s  i s  a l s o  abundant, as a r e  la m e l l ib r a n c h s  
and f i s h  r e m a in s .  A c a m a r o to e c h i id  b ra ch io p o d  o c c u r s  
a t  one h o r iz o n  a t  Heads o f  A yr, w i t h  L in g u la  m y t i l o i d e s .
The fa u n a  o b ta in e d  a t  C u ltr a  i s  v e r y  s i m i l a r  i n  g e n e r a l  
c o n te n t  t o  t h a t  o f  Ayr.
S p i r o r b i s , p ro b a b ly  S p ir o r b i s  h e l i n c t e r e s . o cc u r s  
ab un d an tly  i n  t h e  Heads o f  Ayr s e c t i o n ,  a s  s c a t t e r e d  
i n d i v i d u a l s  i n  s h a l e ,  as bands i n  some la y e r e d  cem en t-  
s t o n e s ,  and a s  t h e  major c o n s t i t u e n t  i n  ' s p i r o r b i s *  
l im e s to n e s  ( P l . / 9. ) .  S p i r o r b i s  ap p ears  from  p a la e o e c o -  
l o g i c a l  r e c o r d s  (E th e r id g e  1 8 8 0 , pp. 109 , 171 , 215 , 2 j 8 , 
304., 362 ; Haack 1923 , pp. 3 6 0 -5 9 4 )  t o  be t o l e r a n t  o f  
a g r e a t  v a r i a t i o n  i n  s a l i n i t y  ra n g in g  from  p e n e s a l in e
t o  f r e s h  w a te r .
The two g en er a  o f  la m e l l ib r a n c h s  r e c o r d e d  are
probably non-marine; th ey  in c lu d e  ITiad it e s  qbes^ found 
near th e  base in  a limy sandstone a t  DailLy . ' , and
'Anthracomya m inima* Ludwig found w id e ly  in  th e  Ayr -  
Dalrymple area and o c c a s io n a l ly  in  th e  Sorn a rea , u s u a l ly  
in  sandy sed im en ts .
The Ostr a c o d s .
The ostracod s  s tu d ie d  were c o l l e c t e d  mainly at
Heads o f  Ayr, although some came from ,B allagan , from
Patna, and from D a i l l y .  O utside th e  Midland V a lle y
samples were c o l l e c t e d  and examined fo r  comparison from
C u ltra , Drsperstown, L id d isd a le ,  R aven ston ed a le , F orest
o f  Dean, and th e  Avon Gorge, More a t t e n t io n  was paid to
th e  ornamented ty p e s ,  v i z .  G ly p to p leu ra , B e y r ic h io p s is ,
and Gei s i n a , although such unornamented ty p es  as
Parapa r c h i te s  o f te n  made up th e  bulk  o f  the fauna. The
f o s s i l s  were c o l l e c t e d  c h i e f l y  in  shales^am enable to
d is in t e g r a t io n  w ith  hydrogen p erox id e , a lthough some
were removed m ech an ica lly  from l im e s to n e s .
S y stem a tic  D escr i p t i o n s ,
FAMILY GLYPTOPLSURIDAS G ir ty .
GEI'IUS GLYFTOPLSfJRA G i r t y ,  (19IO p . 2) 6 ) .
G lyptopleura p l i c a t a , (Jones & K irb y), 1885 .
K irbya  p l i c a t a  J o n e s  & K ir b y , 1 8 8 5 , p . 1 8 4 , p i .  ) ,  f i g s .  9 ,
--------------------------  1 0 ,  10b .
" " " " " 1 8 8 6 , p . 2 5 0 ,  p i .  7 ,  f i g s ,  l a ,
lb ,  2 ,  ) a ,  )b .
" " " " " 1 8 9 6 , p . 188 .
Kirbya v a r i a b i l i s  " " " 1 8 8 6 ,  p , 2 ij.9 , p i .  7 ,  f i g s .  l(.a,
4b ,  ) a ,  6b, 6 ,  7 ,  7a ,  
7 b , n o t  8 a ,  8b .
G lyptopleura p l i c a t a ,  C o r y e l l  &
B r a ck m ier , 19) 1 , P .5 1 I ,  p i .  2 , f i g s .  8 ,
9 .
.
G ly p to p le u r a  p l i c a t a , Latham, 1 9 3 2 , p . 3 7 2 ,  t e x t  f i g ,  21 .
D e s c r i p t i o n , The ca ra p a ce  i s  s u b - o v a t e  t o  su b -  
re  c t  a n g u la r .  B oth  t h e  h in g e  l i n e  and t h e  d o r s a l  m argin  
are  s t r a i g h t ,  w h i le  t h e  v e n t r a l  m argin  i s  co n v ex . The 
p o s t e r i o r  and a n t e r i o r  m argins a re  w e l l  rou nded , w i t h  
t h e  a n t e r i o r  som etim es but n o t a lw a y s  s m a l le r  th an  th e  
p o s t e r i o r .  The a n t e r o - d o r s a l  a n g le  i s  more a c u te  th a n  
t h e  p o s t e r o - d o r s a l  a n g l e ,  when t h e  a n t e r i o r  i s  s m a l le r  
i n  s i z e  th a n  t h e  p o s t e r i o r .  The ca ra p a ce  b e a r s  a m a r g in a l  
c o s t a  w h ich  i s  common t o  a l l  g l y p t o p le u r i d s , and w hich  
i n  th e  b e t t e r  p r e s e r v e d  sp ec im en s  o f  G. pl i c a t a  can  
be s e e n  t o  ca rry  a s p i n o s e - s t r i a t e  f r i n g e  a lo n g  th e  
v e n t r a l ,  p o s t e r i o r  and a n t e r i o r  l e n g t h s  o f  t h i s  c o s t a ,  
W ith in  th e  m a r g in a l c o s t a  t h e r e  i s  a v e n t r a l  c o s t a ,  a 
sh o r t  d i s t a n c e  from  and p a r a l l e l  t o  t h e  v e n t r a l  m argin , 
and a n o th e r  above t h e  l a s t  form ing  a lo o p  w hich  may be  
c o m p le te ,  open a t  one end or  open a t  b o th  e n d s .  I t  can  
be s u b - p a r a l l e l  t o  th e  d o r s a l  m argin , or f a l l s  from th e  
a n t e r i o r - d o r s a l  r e g io n  t o  t h e  p o s t e r i o r  v e n t r a l  r e g io n .
Two p i t s  o c c u r ,  one on e i t h e r  s i d e  o f  th e  d o r s a l  p a rt  o f  
t h e  lo o p  c o s t a ,  and are  s i t u a t e d  n o t i c e a b l y  p o s t e r i o r l y .  
The s u r f a c e  o f  t h e  ca r a p a c e  i s  d e n s e ly  p u n c ta te .
D im e n s io n s , Length 0 ,7  mm, -  1 .1  mm,,
H e ig h t  0 , If -  0 . 6 ram.
D i s t r i b u t i o n , The s p e c i e s  o c c u r s  i n  abundance at  
L i d d i s d a l e ,  C u l t r a ,  and i n  l e s s e r  abundance a t  Heads o f  
A yr, M itc h e ld e a n ,  and S to n e  G i l l ,  R a v e n s to n d a le ,
Remarks, K irbya v a r i a b i l i s  i s  put i n  synonymy w i t h
G, p l i c a t a , i t  b e in g  a v e r y  e a r l y  ty p e  o f  G, p l i c a t a  
w it h  p o o r ly  d e v e lo p e d  and u n c lo s e d  lo o p .
G ly p to p le u r a  s p i r a l i s . ( J o n e s ,  1884.).
K irbya s p i r a l i s  K irby 1 8 8 0 , pp. 564., 568 , 5 7 8 , 588
(name o n l y ) .
” " Jones 1884., p . 3 2 3 ,  p i .  2 , f i g s .  1 2 , 13 .
" " Jones & Kirby 1 8 8 5 , p. 184., p i .  3 ,  f i g s .
1 1 a ,  11b.
" " " " " 1 8 9 6 , p. 1 8 8 .
D e s c r i p t i o n .  Carapace s u b -q u a d r a te ,  h in g e  l i n e  sh o r t  
and s t r a i g h t ,  t h e  v e n t r a l  m argin  s l i g h t l y  d iv e r g e n t  from  
t h e  h in g e  l i n e ,  and i s  u s u a l l y  s l i g h t l y  c o n c a v e .  B oth  
t h e  a n t e r i o r  and p o s t e r i o r  m argins are w e l l  roun ded ,  
w it h  t h e  p o s t e r i o r  b ig g e r  th a n  t h e  a n t e r i o r .  The 
m a rg in a l  c o s t a  s p i r a l s  i n  tow ard s  t h e  p o s t e r i o r  from  about 
h a lfw a y  a lo n g  t h e  h in g e  l i n e ,  and form s a lo o p  su b­
p a r a l l e l  t o  t h e  m a rg in . The c o s t a e  o c c u r r in g  w i t h i n  t h i s  
lo o p  a re  v e r y  v a r i a b l e  i n  d e t a i l  and number. There are
u s u a l l y  f o u r ,  p a r a l l e l  t o  t h e  v e n t r a l  m arg in , and
e l l i p t i c a l  i n  sh a p e;  t h e y  may or may n o t  c l o s e  a t  e i t h e r
end. A l a r g e  e l o n g a t e  p i t  i n t e r r u p t s  th e  two t o p
c o s t a e ,  and i s  l o c a t e d  s l i g h t l y  n e a r e r  t h e  h in g e  l i n e  
th a n  t h e  v e n t r a l  m arg in , and s l i g h t l y  t o  t h e  p o s t e r i o r .
D im e n s io n s . L en gth , I . 3  -  0 .8  mm.,
H e ig h t ,  1 - 0 .6  mm.
D i s t r i b u t i o n . C em entstone Group o f  S c o t la n d ,  N. 
E n g la n d , and N. I r e la n d .
Pound i n  abundance a t  B a l la g a n  at one h o r iz o n ,  a t  
Patna and D a i l l y ,  and n o t so  commonly a t  Heads o f  A yr, 
C u l t r a ,  D ra p ersto w n , L id d is d a le  and Brunt H i l l  Farm,
R aven st o n d a le .
PAJOLY KLOEDENELLIDAB. U l r i c h  & B a s s l e r .
GENUS BEYRICHIOPSIS. J o n es  & K ir b y , 1886 .
B e y r i c h i o p s i s  f im b r i a t a ,  J o n es  & K irb y , 1886 .
B e y r i c h i o p s i s  f i m b r ia ta  J o n es  & K ir b y , 1886 , p. 4.34.,
p l .  1 1 , f i g s .  3 - 1 0 ,  p i .  1 2 , f i g . 5 .
" ** U lr i c h  & Bass 1e r ,  I 9 0 8 ,  p. 323 ,
p l .  4-3, f i g s .  22-24..
B e y r ich i o p s i s  f o r t  i s  . J o n es  & K ir b y , 1 8 8 6 , p. 4.35,
p l .  1 2 , f i g .  13.
B e y r i  c h i  ops  i  s  sub de nt a t  a J o n es  & K irb y , 1 8 8 6 , p. 4-37 ,
p l .  1 1 , f i g s .  1 ,  2 .
D e s c r i p t i o n . Carapace s u b -o v a te  s u b - r e c t a n g u la r ,
h in g e  l i n e  s t r a i g h t ,  f a i r l y  lo n g ,  v e n t r a l  m argin  convex;
t h e  a n t e r i o r  i s . u s u a l l y  s m a l le r  th an  t h e  p o s t e r i o r .  Both
t h e  a n t e r i o r  and th e  p o s t e r i o r  m argins are w e l l  rounded,
w ith  t h e  p o s t e r o - d o r s a l  a n g le  b e in g  l a r g e r  th a n  th e
a n t e r o - d o r s a l  a n g le .  The ca ra p a ce  i s  l o b a t e , w i th  a
‘ I
broad low lo b e  i n  th e  a n t e r i o r  a r e a ,  and a s m a l le r  more 
d e f i n i t e  p o s t-m e d ia n  lo b e  n ea r  t h e  d o r s a l  m argin . T h is  
produces q u i t e  a d eep  m edian s u l c u s ,  and a l  i l l  d e f in e d  
s u lc u s  b eh in d  t h e  p o s t  m edian lo b e .  On t h e  s u r f a c e  th e r e  
are  one t o  fo u r  f l a n g e - l i k e  r i b s ,  a m a rg in a l one c a r r y in g  
a f r i n g e  w hich  i s  str ia te  p o s t e r i o r l y ,  but s p in o s e  
a n t e r i o r l y .  The o th e r  r i b s  are s in u o u s  and v a r i a b l e  i n  
h e i g h t .  One o f t e n  runs n ea r  and p a r a l l e l  t o  th e  v e n t r a l  
m arg in , and t h e  o th e r s  are  u s u a l l y  s h o r t  and c r o s s  th e  
d o r s a l  s i d e  o f  th e  l o b e s ,  a lth o u g h  i n  one v a r i e t y  a la r g e  
d o r s a l  r ib  j o i n s  th e  v e n t r a l  r ib  a t  th e  p o s t e r i o r  end  
o f  t h e  c a r a p a c e ,  and form s an open ended lo o p .
( u .
D im e n s io n s . L en gth , 0 .7  -  1 .1  mm.
H e ig h t ,  0 .3 5  -  0 . 6  mm.
D i s t r i b u t i o n . C em entstone Group o f  S c o t la n d ,
N. E n glan d , C u l t r a ,  H. I r e la n d .
L o c a l i t i e s  i n  p r e s e n t  i n v e s t i g a t i o n .
Heads o f  Ayr (ab u n d an t, C u ltr a  (a b u n d a n t) .
D i s c u s s i o n . B. f o r t i s , and B. su b d e n ta ta  are  
in c lu d e d  i n  B. f i n b r i a t a  b e c a u se  t h e  s i m i l a r i t i e s  b etw een  
them are  v e r y  g r e a t ,  and t h e r e  i s  more v a r i a t i o n  i n  th e  
arrangem ent o f  t h e  f l a n g e s  o f  d i f f e r e n t  sp ec im en s o f  
B. f i n b r i a t a  th a n  t h e r e  i s  betw een  i t  and B. f o r t i s  and 
B. s u b d e n t a ta .
GENUS GSISINA. Joh nson  ( 1 9 3 6 ) .
G e is in a  c r a t e r i g a . J o n e s  & K irby ( 1 8 8 5 ) .
B e y r ic h ia  c r a t e r i g a  Jon es  & K ir b y , l 8 8 6 ,  p . 4-3 9 » P l .  12 ,
f i g .  7 a ,  7b .
" " " " " 1 8 9 6 , p. 186 .
J o n e s in a  c r a t e r i g a  U lr i c h  & B a s s l e r ,  1909 , p. 324 . P l .  4 4 .
f i g s .  1 3 , 14 .
D i a g n o s i s . R ather o b lo n g  -  s u b o v a t e , r e t i c u l a t e  
G e i s i n a , w ith  s t r o n g  m edian  s u lc u s  and poor p o s t e r i o r  
s u lc u s .
D e s c r i p t i o n . Carapace su b o v a te  -  o b lo n g ,  h in g e  l i n e  
s t r a i g h t ,  a l th o u g h  th e  a n t e r o - d o r s a l  m argin  b u lg e s  above  
i t .  V e n t r a l  m argin  co n v e x , u s u a l l y  d iv e r g in g  s l i g h t l y  
from  th e  h in g e  l i n e  tow ards th e  p o s t e r i o r  m arg in . The 
p o s t e r i o r  m argin  i s  h ig h e r  th a n  th e  a n t e r i o r  and more 
s h a r p ly  c u r v e d , w i t h  t h e  p o s t e r o - d o r s a l  more o b tu se  
th a n  t h e  a n t e r o - d o r s a l  a n g le .  A d eep  m edian s u lc u s  
e x te n d s  down from  th e  d o r s a l  m argin , and i s  s i t u a t e d
Grcenon
Cas t leDell ke
reenon
H e a d s  of Ayr i
Bwtllml» CampSewage
Farm
F i g .  3 5 * OstracocL l o c a l i t i e s  on sh o r e  
n ea r  Heads o f
7 1 .
s l i g h t l y  p o s t e r i o r  t o  t h e  c e n t r e .  I t  sw in g s  round by
th e  d o r s a l  m argin  and th e n  down t o  th e  p o s t e r i o r  m argin
t o  form an i l l  d e f in e d  p o s t e r i o r  s u l c u s .  The a n t e r i o r
lo b e  i s  much more tum id  th an  t h e  p o s t e r i o r ,  th u s  making
t h e  t e s t  much w id e r  a n t e r i o r l y  th a n  p o s t e r i o r l y ;  th e
s u r fa c e  i s  c o a r s e l y  r e t i c u l a t e .
D im e n s io n s . L ength , 0 . 8 - 1  mm.
H e ig h t ,  O.V -  0 . 6  mm.
D i s t r i b u t i o n . C em entstone Group o f  S c o t la n d  and
N. E n g lan d , t h e  ’ s o le n o p o r a ’ su b -z o n e  o f  R a v e n s to n e d a le ,
th e  Lower L im estone S h a le s  o f  F o r e s t  o f  D ean, th e  Lower
L im estone S h a le s  o f  C u ltr a  and D rap erstow n , N. I r e la n d .
O stracod  F a u n a l L i s t s .  ( Fi g s .  36- 4-0 ) .
L o c a l i t i e s  n ea r  b a se  o f  Heads o f  Ayr s e c t i o n  ( l ,  2 ,
on P i g .  55 ) .
(S e e  P i g .  56 ) .  
G ly p to p le u r a  p l i c a t a  J o n e s  & K ir b y .
G ly p to p le u r a  s p i r a l i s  ’* " "
B e y r ic h i o p s i s  f i n b r i a t a  ” " **
G e is in a  c r a t e r l g a  ” " ^
Bythocy p r i s  seq .ua l i s  ** "
P a r a p a r c h ite s  o k en i M unster.
P a r a p a r c h ite s  o k en l o b l i g u i u s  J o n es  & K irb y .
P a r a p a r c h ite s  sq.. U l r i c h  & B a s s l e r .
L o c a l i t i e s  near t o p  o f  Heads o f  Ayr 
s e c t i o n ,  ( 3 , on P i g .  3 5 . )
___________(S ee  F i g .  3 6 ) . _______________
G ly p to p le u r a  s p i r a l i s  J o n es  & K irb y .
P a r a p a r c h ite s  ok en l M unster.
G e i s in a c r a t e r i g a  Jon es  & K irb y .
P atn a , L o c a l i t y  T roauhain  Wood, ( 37^093) 
__________ (S ee  P i g .  3Z .) _____________________
G ly p to p le u r a  s p i r a l i s  J o n e s  & K irby.
By t h o cy p r i s  a e q u a l i s  "
P a r a p a r c h ite s  sq.. U lr i c h  & B a s s l e r ,
D a i l l y .  L in d sa y s to n  Burn below  C em etary. 
G ly p to p le u r a  s p i r a l i s  J o n e s  & K irb y .
P a r a p a r c h ite s  o k en i M u n ster .
B a l la g a n .
G ly p to p le u r a  s p i r a l i s  J o n es  & K irb y .
Bytho c y p r i s  aeq.ual i s  " " "
P a r a p a r c h ite s  ok en i M unster.
C u l tr a ,  Co. Down. (B oth  t o  th e  e a s t  and w e st  
_________ o f  th e  h a r b o u r ) .  (S ee  P i g .  38*) __ _
G ly p to p leu r a  p l i c a t a  J o n e s  & K ir b y .
G ly p to p le u r a  s p i r a l i s  ’* *' '*
B e y r ic h i o p s i s  f i n b r i a t a  "
G e is in a  c r a t e r i g a  *’ "
H o l l i n e l l a  s p . C o r y e l l .
.#




P i g .  3 6 .  O stra co d  fa u n a  from  Heads o f  A yr ,
G ly p t o p le u r a pl i c a t a .I ■ M I’r  I  « T a    —- -■ fh  . - .  ^ , ,  -
4 . g .  s p i r a l i s .
5 - 6 G e is in a  c r a t e r i g a .
7 , 10 -  1 2 . B e y r i c h i o p s i s  f i m b r i a t a .
8 . B y th o c y p r is  a e g u a l i s .
9 . P a r a p a r c h ite s  o k e n i .
P i g .  3 7 • O stra c o d  fa u n a  from  P a tn a .
1 . G ly p to p le u r a  s p i r a l i s
2 . B y th o cy p r i s  a e g u a l i s
3 . Parapa r c h i t e s  o k e n i .
X  3 5
00
X 3 0
P i g .  3 8 .  O stra c o d  fa u n a  from  Co. Down.
1 , . ,  G L vp top leu ra  p l i c a t a .
2 , G. s p i r a l i s .
3 -  14. .  Bey r i  c h i  ops i s  f i m b r i a ta ,
5 . H o l l i n e l l a  s p .
6 . G e i s in a  c r a t e r i g a .




F i g .  5 5 .  O stra c o d  fa u n a  from  N orthum berland and 
L i d d i s d a l e .  (m ain  A lg a l  s e r i e s  and  
C em entstone G roup),
1 -  2 , G ly p to p le u r a  p l i c a t a ,
5 ,  G, s p i r a l i s ,
if -  6 ,  B e y r i c h i o p s i s  f i m b r i a t a .
7 • B y th o c y p r is  a e g u a l i s .
XII
P i g .  2i-0 . G ly p t o p le u r id s  from  Lower L im eston e  
s h a l e s  o f  t h e  F o r e s t  o f  D ean.
1 -  2 , G ly p to p le u r a  p l i c a t a .
c ?
•D ra p ersto w n , Co. L ondonderry. (A lta g o a n  Bur n ) . 
G ly p to p le u r a  s p i r a l i s  J o n e s  & K ir b y .
C y t h e r e l l a  v a l i d a  "
La r r i s t o n B urn. L id d i s d a l e .  (Main A lg a l  S e r i e s  
and b e n e a t h j l  (S e e  P i g .  3 9 - )
G ly p to p le u r a  p l i c a t a J o n e s  & K irb y .
G ly p to p le u r a  s p i r a l i s
P a r a p a r c h i t e s  o k en i M unster,
B y th o c y p r i s  s p .  B rady.
C ythe r e l l a  s p .  J o n e s .
BRACHIOPODA.
PAI.ÎILY RYKCHOKELLIDAE.
GENUS CMAROTOECHIA H a l l  & C la r k e .
Gamaroto e c h ia  s p .  n o v .
D e s c r i p t i o n . Ext e r i o r .  The s h e l l  i s  t r i a n g u l a r  i n  
sh a p e ,  w i t h  a s e m i c i r c u l a r  a n t e r i o r  m argin . The le n g t h  
i s  s l i g h t l y  g r e a t e r  th a n  t h e  b re a d th  i n  t h e  p e d i c l e  
v a l v e .  As a l l  t h e  sp ec im en s  fo u n d  were from  a s h a l e ,  and  
t h e r e f o r e  c r u s h e d , any p l i c a t i o n  or  s u l c a t i o n  was d e s ­
t r o y e d .  H owever, from  t h e  la c k  o f  s e v e r e  c r a c k in g  on  
th e  s u r f a c e  o f  t h e  v a l v e s ,  i t  I s  p r o b a b le  t h a t  any  
p l i c a t i o n  or  s u l c a t i o n  i s  e x tr e m e ly  s m a l l ,  i f  p r e s e n t  a t  
a l l .  The r i b b in g  v a r i e s  from b r a c h i a l  t o  p e d i c l e  v a l v e ,  
b e in g  b etw een  I J  t o  21^ i n  number f o r  th e  b r a c h i a l  v a l v e ,  
and b etw een  13 and 19 f o r  t h e  p e d i c l e  v a l v e  ( s e e  P i g .  i f l . )
S e c t i o n s  o f  t h e  b r a c h i a l  v a lv e  show a w e l l  d e v e lo p e d  




P i g ,  1^1 . G am arotoech ia  s p ,  from  l o c a l i t y  1 , P i g .  5 5 ,
1 -  7 * S e c t i o n s  from t h e  umbo o f  th e
b r a c h i a l  v a lv e  at  O.J mm, i n t e r v a l s .
p l a t e s  a re  c o n c a v e , w i t h  d eep  d e n t a l  s o c k e t s  u nder t h e i r  
o u t s i d e  e d g e s ;  t h e  c r u r a l  p r o c e s s e s  a r e  unknown.
H o r izo n  and L o c a l i t y .  A p p ro x im a te ly  2 50 f e e t  above  
th e  b a se  o f  th e  C em entstone Group. I n  dark s i l t y  
o s t r a c o d a l  s h a l e s  j u s t  b elow  t h e  h ig h  w a te r  mark, a d ja c e n t  
t o  t h e  sew age farm  f o r  B u t l i n ' s  Camp, Heads o f  Ayr.
D i s c u s s i o n . T h is  s p e c i e s  r e se m b le s  t h e  form  r e f e r r e d  :
t o ,  G am arotoech ia  proava ( P h i l l i p s )  from  R a v e n s to n e d a le ,
I
(Garwood, 1$ 1 2 , p . 567 , P l .  5^, P i g s ,  l a - l c )  i n  w hich  ’
{
however t h e r e  i s  a h ig h e r  l e n g t h / b r e a d t h  r a t i o  o f  about I
!
1 . 1 / 1 ,  and t h e  number o f  r i b s  i n  each  v a lv e  i s  about 2 2 -2 if .  : 
The sp ec im e n s  o f  C. proava from  H o lla n d  S h a le s  |
(D a v id so n  1 8 5 8 -6 3  p . I l l ,  P l .  2 5 ,  F i g .  10) have an even  
h ig h e r  l e n g t h / b r e a d t h  r a t i o  1 . I 9 / I ;  t h e  number o f  r i b s  j 
on t h e  b r a c h i a l  v a l v e  i s  2 4 ,  and t h e  commisure shows a 
s l i g h t  t o  m oderate p l i c a t i o n ,
P a la e o e c o lo g y . In  3 f ^ e t  o f  d o l o m i t i c  m a r ls ,  g r e y  
s h a le s  and la y e r e d  c e m e n ts tc n e s  ( L o c a l i t y  1 P i g .  35 )> 
th e  f a u n a l  c o n te n t  o f  w h ich  i s  shown i n  P i g .  42 a lo n g  
w ith  Ca/Mg r a t i o  and I n s o l u b l e  R e s id u e  p e r c e n ta g e  t h e  
d i s t r i b u t i o n  o f  t h e  f o s s i l s  ap pears t o  show s i g n i f i c a n t  
l o c a l  c o n c e n t r a t i o n s .  I n  t h e  h i g h l y  d o l o m i t i c  m a rls  
b elow  th e  s i l t y  g r e y  s h a l e s ,  and i n  t h e  l a y e r e d  cem ent-  
s t o n e s  a b o v e , t h e r e  a r e  no f o s s i l s .  The low  Ca/Mg r a t i o  
o f  b o th  s u g g e s t s  a h ig h  tem p e r a tu r e  a t  th e  t im e  o f  
d e p o s i t i o n  ( C h i l i n g a r  1953» PP. 38- 47 ) ,  and th u s  p o s s i b l y  
a h ig h  s a l i n i t y .  The abundance o f  f o s s i l s  i n  t h e  s h a le
La ye r  f - i y a t r »  f v e r i i t a i  «cale 3 lo I i r j  
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FINE P Y R I T E S  PR E SEN T
S U N - C R A C K E D  SURFACES & SALT P S E U D O M O R P H S
SHALE BECOMING F IN E R  AND MORE _ _ _ _ _  
F I S S I L E  '
Pig 4 2 , To show th e  v a r i a t i o n  i n  fa u n a  w i t h  change  
i n  c h e m ic a l  c o m p o s i t io n  and l i t h o l o g y  i n  a
seq u en ce  o f  m a r l ,  s h a l e  and la y e r e d  c e m e n ts to n e ,
X. p r e s e n t .  s ,  s m a l l .
XX, f a i r l y  ab un d an t, 1 , l a r g e .
XXX, ab un dan t.
i :?•
c o i n c i d e s  w i t h  h ig h e r  Ca/Mg r a t i o s  f o r  t h e  c a r b o n a te s  
i n  t h e  s h a l e ,  and an i n c r e a s e  i n  t h e  p r o p o r t io n  o f  s i l t  
grade i n s o l u b l e  r e s i d u e s ,  t h u s  i n f e r r i n g  lo w e r  tem p era ­
t u r e s ,  and an i n c r e a s e d  i n f l u x  o f  w a te r  r e s p e c t i v e l y .
The r e d u c t io n  i n  s a l i n i t y  co n seq u en t  on t h i s  p e r m it te d  
th e  e s t a b l i s h m e n t  o f  a fa u n a  o f  e s t r a c o d s ,  l a m e l l ib r a n c h s ,  
and b r a c h io p o d s .
W ith in  t h e  s h a l e  i t s e l f  ch an ges i n  t h e  Ca/Mg r a t i o ,  
and i n  t h e  p e t r o l o g y ,  seem  t o  be  r e f l e c t e d  in  t h e  f a u n a l  
c o n c e n t r a t i o n s .  I n  g e n e r a l ,  t h e  h o r iz o n s  o f  low Ca/Mg 
r a t i o  are c h a r a c t e r i s e d  by an a b se n c e  o f  la m e l l ib r a n c h s ,  
b r a c h io p o d s ,  s p i r o r b i s  and f i s h ,  and by t h e  d w a r f in g  o f  
su ch  o s t r a c o d  s p e c i e s  t h a t  rem a in . T h is  i s  p a r t i c u l a r l y  
n o t i c e a b l e  i n  l a y e r  9 , w here t h e r e  i s  no fa u n a .  Layers  
su ch  as  number 6 a re  c h a r a c t e r i s e d  by t h e  p r e s e n c e  o f  
b r a c h io p o d s ,  l a m e l l i b r a n c h s ,  f i s h  and s p i r o r b i s , and by 
l a r g e  i n d i v i d u a l s  o f  su ch  s p e c i e s  a s  P a r a p a r c h it e s  o k en i  
and B y th o c y p r is  a e g u a l i s . B e y r i c h i o p s i s  and P a r a p a r c h i t e s , 
from  t h e i r  a lm o st  c o n t in u o u s  p r e s e n c e  th rou gh  t h e  s e c t i o n ,  
seem t o  b e  t o l e r a n t  o f  t h e  changes i n  s a l i n i t y  i n d i c a t e d  
i n d i r e c t l y  by t h e  v a r i a b l e  Ca/Mg r a t i o  and t h e r e f o r e  
v a r i a b l e  te m p e r a tu r e  o f  t h e  w a te r .  The su n e r a e k in g  and 
d i s t o r t e d  s a l t  pseudom orphs t h a t  a re  s o  common i n  th e  
lo w e r  h a l f  o f  t h e  s h a l e ,  show t h a t  f o r  b r i e f  p e r io d s  th e  
s a l i n i t y  must h ave r i s e n  t o  h y p e r s a l i n e .  The o s t r a c o d s  t o  
be fo u n d  below  th e  sun c r a c k s  a re  s m a l l  and dw arfed  
B e y r i c h i o p s i s  and P a r a p a r c h i t e s  w h ich  a r e  f i n a l l y  a b se n t
Ij u s t  b e lo w  th e  sun  c r a c k s .  The cr a ck s  t h e m s e lv e s  
c o n ta in  la r g e  P a r a p a r c h it e s  and B y t h o c y p r i s . p o s s i b l y
brought i n  by t h e  l a t e r  i n f l u x  o f  w a te r  o f  lo w er  s a l i n i t y .  
O ftefi a s s o c i a t e d  w i t h  t h e s e  g e n e r a  i s  G e is in a  (J o n e s in a )  
c r a t e r i g a  w h ich  i s  th o u g h t  t o  have b r a c k is h  a f f i n i t i e s  
(Kremp 1 9 5 6 , pp. 1 4 5 - 1 6 8 ) .  T here i s  a n o t i c e a b l e  a b sen ce
o f  su ch  t y p i c a l  m arine g e n e r a  su ch  as B a i r d i a . 
B e y r ic h io p s i s  end P a r a p a r c h ite s  a re  commonly fou n d  i n
norm al m arine l i m e s t o n e s ,  but t h e i r  p r e s e n c e  h e r e  
a s s o c i a t e d  w it h  h y p e r s a l in e  c o n d i t i o n s  p ro b a b ly  i n d i c a t e s  
t h a t  t h e i r  s a l i n i t y  t o l e r a n c e  i s  h ig h .  I t  i s  t h e r e f o r e  
p o s s i b l e  t h a t  w i t h i n  t h i s  s e c t i o n  s a l i n i t y  c o n d i t i o n s  
v a r i e d  from  h y p e r s a l i n e  t o  b r a c k i s h .
The C o r r e la t io n  w i t h  t h e  N orth  o f  E n g lan d ,  
th e  B o r d e r s , and t h e  S .  W. P r o v in c e .  __
The o s t r a c o d  fa u n a s  f i g u r e d  i n  P i g s ,  36-4O show 
t h e  c l o s e  s i m i l a r i t y  i n  s p e c i e s  and v a r i e t i e s  o f  s p e c i e s  
b etw een  th e  C em entstone Group o f  t h e  Heads o f  A yr, and 
o f  N orthum berland, and t h e  Main A l g a l  S e r i e s  and Cement­
s to n e  Group o f  L i d d i s d a l e ,  and t h e  Lower L im estone  
s h a l e s  o f  C u l t r a ,  Co. Down. B ecause  o f  t h i s  s i m i l a r i t y ,  
and b e c a u se  o f  t h e  o c c u r r e n c e  o f  s i m i l a r  ce m e n tsto n e  
ty p e  l i t h o l o g i e s  i n  a l l  o f  t h e s e  a r e a s ,  i t  i s  s u g g e s t e d  
t h a t  t h e  C em entstone Group o f  t h e  M idland  V a l l e y  i s  i n  
p art e q u i v a l e n t  i n  age t o  t h e s e  s e d im e n ts .
A s tu d y  o f  t h e  o s t r a c o d  s p e c i e s  G ly p to p le u r a  p l i c a t a .
f I •
G. s c o t i c a  J o n e s  & K ir b y ,  G. s p ln o s a  J o n es  & K ir b y ,  and
Gj; c o s t a t a J o n e s  & K ir b y , p r o v id e s  some c l u e s  t o  t h e  age
o f  t h e  C em entstone Group, In  t h i s  s tu d y  most o f  th e  
in fo r m a t io n  r e l a t i n g  t o  t h e s e  s p e c i e s  was s u p p l ie d  by  
D r. P . Y/. A n d erson , I n  a p e r s o n a l  com m u n ication .
Dr. A nderson  s a i d  t h a t  he had n o te d  an e v o l u t io n a r y  and 
s t r a t i g r a p h i c a l  s e q u e n c e ,  G ly p t o p le u r a p l i c a ta  -
G ly p to p le u r a  s c o t i c a , and a s i m i l a r  se q u en c e  G, s p ln o s a  -  
G. c o s t a t a . I n  b o th  o f  t h e s e  s e q u e n c e s  t h e  ch an ges  a r e  
i n  t h e  in c r e a s e  in  t h e  number and c o m p l ic a t io n  o f  th e
c o s t a e  i n s i d e  t h e  m a r g in a l  c o s t a .
Thus i n  t h e  L. T o u r n a is ia n ,  G, p l i c a t a  i s  th e  s o l e  
r e p r e s e n t a t i v e  o f  t h e  G. p l i c a t a  -  G, s c o t i c a  s e q u e n c e ,  
and i t  i s  n o t  u n t i l  Lower V is e an , or upperm ost T o u rn a i­
s i a n  t h a t  ’ s c o t i c a *  t y p e s  b e g in  t o  a p p e a r . T hese c o n t in u e  
on up t o  th e  Lower L im estone Group, a lo n g  w ith  G. p l i c a t a . 
The a u th o r  c o l l e c t e d  a fa u n a  o f  G, p l i c a t a  from  th e  b a s a l
Lower L im estone s h a l e s  o f  t h e  F o r e s t  o f  Dean (Bed 2b ,
S i b l y  1937» P* 2 3 ) ,  They a r e  a l l  o f  v e r y  s im p le  t y p e ,  
some w ith o u t  t h e  s m a l l  v e n t r a l  r i b  b e low  t h e  lo o p ,  and  
th e  lo o p  i s  a lw a y s  open a t  b o th  e n d s .  T h ese  a re  a l s o  
q u o ted  from  t h e  Ga y to n  b o r in g ,  N o r th a m p to n sh ire , (J o n e s  & 
K irby 1 8 8 6 ) , and t y p e s , l i k e  them w ere fo u n d  i n  Layer 1 , 
l o c a l i t y  1 , F i g .  3 5 » ‘^rom Heads o f  A yr, In  th e  fa u n a s  
from t h e  Heads o f  A yr, L id d is d a le  and C u l tr a  G, p l i c a t a  
i s  a g a in  th e  s o l e  r e p r e s e n t a t i v e  o f  G. p l i c a t a  -  G. s c o t i c a  
' s e q u e n c e ,  no form s w it h  more th a n  a v e n t r a l  and a lo o p
Ic o s ta  b e in g  see n . In  g e n e r a l  th e  G-. p l ic a t a  from th e se  
l a s t  l o c a l i t i e s  seem t o  shoi? a g r e a te r  development o f  
the loop  than  th o se  o f  th e  F orest  o f  Dean in  more 
d e f i n i t e  c o s ta e ,  and in  having th e  loop  c lo s e d ,  o f te n  
at both  ends,
Ostracod faunas sampled by th e  author from the  
’ proava* band o f  R avenstonedale showed as many examples 
o f  (j, s c o t i ca as o f  G. p l i c a t a . I t  i s  th e r e fo r e  p o s s ib le  
th a t  th e  b a sa l  beds o f  R avenstonedale , which are e i t h e r  
Upper Tournais ia n  or Lower V isean  in  age are younger 
than th e  Cementstone Group o f  the Heads o f  Ayr, C ultra  
and L id d isd a le .  Dr, Anderson concurs w ith  t h i s  s u g g e s t io n ,  
A t e n t a t i v e l y  su g g es ted  age f o r  the Cementstones on th e  
b a s is  o f th e  o stra co d s  i s  K or Z zone. T his  assumes 
th a t  G. s c o t i c a  had not y e t  ev o lv ed  from the G, p l i c a ta  
s to c k ,  ra th er  than th a t G. s c o t i c a  was absent from th e  
Midland V a l le y  because of adverse c o n d it io n s ,
A number o f  samples o f  carbonaceous l im esto n e  and 
sh a le  co n ta in in g  spores from th e  Cementston e  Group o f  
Sorn and the Heads o f  Ayr were sen t to  Dr. Herbert 
S u l l iv a n  o f  S h e f f i e l d  U n iv e r s ity  fo r  exam ination and 
comment. Dr. S u l l iv a n  s t a t e s  ( in  l i t . )  th a t  ; -
( i )  The h o r izon  i s  c e r ta in ly  below th e  lower spore  
zone of C a m p to tr ile te s  vern i cosus o f  the Coal Board 
c l a s s i f i c a t i o n ,  i . e .  below 8 2 .
( i i )  The absence o f  ly c o s p o r a . T r ip a r t i t e s , and 
Rotaspora show th a t  i t  i s  at l e a s t  as low as Lower
V isean .
( i i i )  I t  i s  a ra th er  r e s t r i c t e d  m icro flo ra  c o n s is ­
t in g  p r in c ip a l ly  o f  th ree  genera , Pancta t i s  p o r i t e s , 
S te n o z o n o tr i le t e s  and Archeozono t r i l e t e s .
The L atter  genus i s  th e  most u s e f u l  s t r a t ig r a p h i -  
c a l l y ,  and a t e n t a t iv e  i d e n t i f i c a t i o n  o f  th e  s p e c ie s  
p resent show them t o  be a l l  e i t h e r  Tournais ia n  or 
U, Devonian.
( i v )  The assemblage has an U. Devonian rather  than  
a V isean  a s p e c t .
Dr. S u l l iv a n  ends by su g g e s t in g  p r o v is io n a l ly  a 
Middle Tourn a i s ia n  age f o r  th e  m ic r o f lo r a .
UVJ.
C hap ter  6 . PAIASOGEOGRAPPIY.
The Lower C em entstone Group,
(1 )  The Geol o g y .
So f a r  as r e s i d u a l  e v id e n c e  i n d i c a t e s ,  t h e  se d im e n ts  
o f  t h e  Lower C em entstone Group were d e p o s i t e d  e x c l u s i v e l y  
on a f l o o r  o f  U. Old Red S a n d sto n e  -  m a in ly  o u tw ash -  
f a n  s e d im e n ts  -  w it h  a h i n t e r l a n d  t o  th e  n o r th  o f  ex p o se d  
D a lr a d ia n  and o ld e r  m etam orphic r o c k s  and Old Red Sand­
s t o n e ,  and a h i n t e r l a n d  t o  t h e  s o u t h - e a s t  o f  Lower/
P a la e o z o ic  greyw ack es  and s h a l e s .
( 2 ) The S tr a n d  L in e . (S e e  P i g .  2 / ) .
The a lig n m e n t  o f  t h i s  p o s t u l a t e d  s h o r e l i n e  i s  
b a s e d  on t h e  s i g n s  o f  c u r r e n t  d i r e c t i o n ,  th e  f a c i e s  
v a r i a t i o n s ,  t h e  p o s i t i o n s  o f  th e  r e s i d u a l  z e r o  i s o p a c h ,  
and th e  p roven an ce  o f  t h e  p e b b le s  and h eavy  m in e r a l s .
Prom t h e  c u r r e n t  d i r e c t i o n s ,  and from t h e  h eavy  m in e r a ls  
s u i t e s ,  i t  i s  o b v io u s  t h a t  a n o r t h - e a s t  -  s o u th - w e s t  
s h o r e l i n e  la y  t o  t h e  n o r t h - w e s t  o f  t h e  G lasgow r e g i o n ,  and  
s o u th  o f  th e  p r o b a b le  so u r c e  o f  t h e  abundant g a r n e t s  
and p ink-brow n t o u r m a l in e s ,  o n ly  a few  m i l e s  t o  th e  
n o r th -w e s t  o f  t h e  p r e s e n t  H ig h la n d  Boundary F a u l t .
The abundance and r e l a t i v e  c o a r s e n e s s  o f  th e  e l a s t i c s  
i n  Arran and th e  Cumbrae, and t o  some e x t e n t  i n  t h e  
G reenock a r e a ,  s t r o n g l y  s u g g e s t s  a s h o r e l i n e  v e r y  c l o s e  
t o  t h e  n o r t h - w e s t .  The sh a r p  change i n  f a c i e s  b e tw een  
Dumbarton and H e len sb u rg h  from  a norm al ce m en tsto n e  
f a c i e s  t o  sa n d s to n e  and red  m arls  w i t h  few  c e m e n ts to n e s ,
a g a in  i n d i c a t e s  an approach  t o  a s h o r e l i n e .  /
U J,.
The s o u th e r n  s h o r e l i n e  i s  s h a r p ly  d e l i n e a t e d  a lo n g  
th e  l i n e  o f  t h e  S t r a i t o n  F a u l t ,  and th e  e x t e n s i o n  o f  
t h i s  n o r t h - e a s t  o f  Cumnock. A ga in  t h i s  s h o r e l i n e  i s  
i n d i c a t e d  by c u r r e n t  d i r e c t i o n s ,  p e b b le s  and heavy  
m in e r a l s ,  and t h e  p r e s e n c e  o f  th e  o u tw a sh -fa n  s e d im e n t s .  
A s h o r e l i n e  i s  a l s o  i n d i c a t e d  im m e d ia te ly  n o r t h -w e s t  
o f  D a i l l y  by t h e  f a c i e s  and th e  c u r r e n t  d i r e c t i o n s  i n  
t h e  D alrym p le  a r e a ,  and th e  c u r r e n t  d i r e c t i o n s  i n  th e  
Ayr a r e a .  The ca r b o n a ce o u s  m a t e r i a l  and c o a l  ( s e e  p .7-4 ) 
i n  t h i s  a re a  i n d i c a t e  a s u r f a c e  v a r y in g  above and  
b elow  s e a  l e v e l  i n  t h e  im m ediate  v i c i n i t y  o f  A yr.
N o r t h - e a s t  from  Ayr tow ards M u irk irk  and C o a lb u rn ,  
t h e  b a s i n  ap p ears  t o  c l o s e .  C e r t a in ly  a t  Co a lb u r n  t h e  
t h i c k n e s s  i s  r e d u c e d  t o  100 f e e t ,  and th e  f a c i e s  
i n d i c a t e s  t h e  p r o x im ity  o f  a s h o r e .  F u r th e r  n o r t h - e a s t  
t h e  C em en tstone Group i s  a b s e n t ,  a l th o u g h  t h e  t h i n n i n g  
c o u ld  be due t o  o v e r s t e p .
The c u r r e n t  d i r e c t i o n s  and f a c i e s  o f  t h e  Back Burn 
a r e a  t o  t h e  n o r th  o f  M u irk irk  a r e  h i g h l y  i n d i c a t i v e  o f  
a s h o r e l i n e  im m e d ia te ly  t o  th e  n o r t h ,  a t  l e a s t  e a r l y  
d u rin g  t h e  d e p o s i t i o n  o f  t h e  C em entstone Group. From 
t h e  e v id e n c e  o f  t h e  h ea v y  m in e r a ls  ( p . l 1 )  i t  h a s  b een  
s u g g e s t e d  t h a t  t h i s  la n d  mass d is a p p e a r e d  l a t e r  on in  
t h e  Lower C em entstone Group. I t s  n o r th e r n  boundary i s  
n ot e a s i l y  i d e n t i f i e d ,  b u t  ran  so u th  o f  t h e  C am psies  
where t h e  f a c i e s  d o es  n o t  s u g g e s t  t h a t  t h e r e  i s  a near  
s h o r e l i n e  t o  t h e  s o u th .
( 5 ) G eom orphology.
The c o a r s e n e s s  o f  th e  m a rg in a l  se d im e n ts  ( s e e  pp.Z3-J^ 
i n d i c a t e s  a to p o g ra p h y  o f  low r e l i e f  o f  th e  ’ h ig h l a n d ’
la n d  m a ss , o f  th e  la n d  t o  t h e  n o r th  and e a s t  o f  &5i i r k i r k ,  
and o f  t h e  a re a  t o  t h e  s o u th  and s o u th - w e s t  o f  A yr,
The ex trem e c o a r s e n e s s  o f  t h e  e l a s t i c s  i n  th e  D a i l l y  
B a s in ,  on t h e  c o n t r a r y ,  s u g g e s t s  a s t r o n g  r e l i e f  o f  th e  
h i n t e r l a n d  t o  th e  s o u t h - e a s t ,  w i t h  f r e q u e n t  r e j u v e n a t io n  
p ro b a b ly  c a u se d  by movement a lo n g  th e  S o u th ern  U pland  
and a s s o c i a t e d  f a u l t s ,  o r  a lo n g  th e  S t r a i t o n  F a u l t ,
(ij.) The E n v ironment o f  S e d im e n t a t io n .
The se d im e n ts  o f  t h e  Lower C em entstone Group were  
d e p o s i t e d  i n  a c o m p a r a t iv e ly  s h a l lo w  r e s t r i c t e d  e v a p o r i -  
t i c  b a s i n ,  t h e  s a l i n i t y  v a r y in g  from  p e n e s a l i n e  t o  
b r a c k is h ;  th e  same c o n d i t i o n s  o c c u r ,  p o s s i b l y  freq u en tIj^ ,  
i n  t h e  m a r g in a l  r e g io n s  su ch  a s  Ayr ( p .6  J ) ,  and i n  t h e  
K ilm arnock  -  M u irk irk  a r e a .  B r a c k is h  c o n d i t i o n s  
o c c a s i o n a l l y  e x te n d e d  t o  t h e  c e n t r e  o f  t h e  s l i g h t l y  
d eep er  b a s i n a l  a r e a s  su ch  a s  B a l la g a n ,  as t h e  o c c u r r e n c e  
o f  ca rb o n a ceo u s  s i l t s ,  w i t h  o s t r a c o d s  su ch  a s  Parapa r -  
c h i t e s , G ly p to p le u r a  s p i r a l i s  and B y th o c y p r is  a e g u a l i s , 
i n d i c a t e .
A lon g  t h e  s o u th  m argin  o f  t h e  b a s in  a wedge o f  
o u tw a sh -fa n  s e d im e n t s ,  s p i l l e d  down from  h ig h  ground t o  
t h e  s o u t h - e a s t  and s t r e t c h  a s  f a r  a s  t h e  D a lrym p le  a r e a ,  
beyond  w h ic h ,  h o w ev er , th e y  merge i n t o  norm al s a n d s to n e s  
s u b -a g u e o u s ly  d e p o s i t e d  a s  a t  A yr,
Land
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P i g .  i f j .  To shoiff p o s s i b l e  p a la e o g e c g r a p h ic a l  
r e l a t i o n s  o f  t h e  M id land  V a l l e y  t o  
I r e l a n d  and N o rth ern  E n glan d  d u r in g  
d e p o s i t i o n  o f  t h e  LoT3?er C em entstone  
Group,
On t h e  w hole  t h e  a r e a  w it h  t h e  c l o s e s t  m arine fa u n a  1 
a f f i n i t i e s  i s  A yr, w hich  i n  tu r n  i s  v er y  s i m i l a r  t o  
C u ltr a  b e tw een  w hich  i t  i s  s u g g e s t e d  t h a t  th e r e  was a  
d i r e c t  seaway ( s e e  F i g .  If5 )* The c o n n e c t io n  b etw een  
th e  main a r e a s  o f  m arine T o u rn a is i a n  s e d im e n t a t io n  may 
have b een  e i t h e r  th rou gh  th e  a re a  t o  th e  s o u th -w e s t  o f  
L. N eagh, t h e  se d im en ts  form in g  t h i s  c o n n e c t io n  h a v in g  
been  removed by e r o s io n  p r e v io u s  t o  th e  V is e a n  t r a n s ­
g r e s s i o n ,  or  c o n n e c t io n  may have b een  th ro u g h  th e  
p o s i t i o n  o f  t h e  p r e s e n t  N orth  C hannel b e tw een  Larne and 
S tr a n r a e r ,  and t h e  s t r o n g  s i m i l a r i t y  b etw een  th e  fa u n a s  
o f  Ayr and L id d is d a le  s u g g e s t s  some c o n n e c t io n  betw een  
t h e  two a r e a s  by t h i s  r o u t e .
( 5 ) The C l im a te .
The tem p era tu re  a t  t h e  t im e o f  t h e  d e p o s i t i o n  o f  
t h e  L. C em entstone Group was p ro b a b ly  h ig h ,  and th e  
a v era g e  r a i n f a l l  low . The p r e s e n c e  o f  t h e  p e d o c a l  
( c o r n s t o n e s )  s o i l s  and o u tw a sh -fa n  se d im e n ts  i n d i c a t e s  
t h a t  r a i n f a l l  was in f r e q u e n t  b u t  h e a v y .
The Upp er  C em entstone Group ( P i g .  28 ) .
The q u i e t e r  s e d im e n t a t io n  o f  th e  Lower C em entstone
Group was t e r m in a te d  by th e  developm ent o f  la r g e  outw ash
fa n s  s p r e a d in g  from a r e ju v e n a t e d  h i n t e r l a n d  o f  h ig h
r e l i e f  t o  t h e  n o r t h - w e s t ,  and a n o th e r  h i n t e r l a n d  o f  h ig h
r e l i e f  t o  t h e  s o u t h - e a s t .  The e x t e n t  o f  t h e  n o r t h e r ly
o u tw a sh -fa n  se d im e n ts  i s  l o s t  under t h e  co v er  o f  l a t e r  
r o c k s ,  b u t  t h e  t h i c k n e s s  ap p ears  t o  be d im in is h in g
towards th e  s o u th -e a s t .  The s im i la r  sedim ents in  the  
D a i l ly  r e g io n  seem to  th in  to  th e  n o r th -w est ,  and grade 
in to  micaceous sandstones p o s s ib ly  d ep o s ited  in  la k es  
e x i s t in g  between th e  n o r th er ly  and so u th er ly  fa n s .
The widespread occurrence o f  cornstones s im i la r  to  
th ose  o f the U. Old Red Sandstone (Burgess l$ 6 l )  
su g g es ts  a continuance o f  th e  in freq u en t heavy r a i n f a l l  
o f  the Lower Cementstone Group.
D ep o s it io n  o f  th e  Cementstone Group was brought 
to  a c lo s e  by th e  t e c t o n ic  movement which preceded the  
s u b -a e r ia l  v o lc a n ic  a c t i v i t y ,  and the consequent 
V isean  tr a n s g r e s s io n  in to  th e  Western Midland V a l le y ,
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1 8 8 1  E g a n ,  F ,  V, S h e e t  M em oir  2 7 .  G e o l ,  S u r v .  I r e l a n d ,
1 8 7 8  E t h e r i d g e ,  H, J u n .  ’ On o u r  p r e s e n t  k n o w l e d g e  o f
i n v e r t e b r a t e  f a u n a s  o f  t h e  c a l c i f e r o u s  
s a n d s t o n e  s e r i e s  o f  t h e  E d i n b u r g h  
n e i g h b o u r h o o d .  ( V . J . G . S .  3 4  P . 1 . )
1 880  E t h e r i d g e ,  R ,  J u n .  ’B r i t i s h  C a r b o n i f e r o u s  t u b i c o l a r
A n n e l i d a ’ .
G e o l .  Mag.  N. S e r .  d e c .  2 V o l .  7
p p .  1 0 5 ,  1 7 1 ,  2 1 5 ,  2 5 8 ,  502f, 5 6 2 .
■ 1 912  G a r w o o d ,  3 . J .  ’T h e  L o w er  C a r b o n i f e r o u s  s u c c e s s i o n
i n  t h e  n o r t h - w e s t  o f  E n g l a n d . ’
Q . J - G . G .  V o l .  58 p p .  # 9 - 5 8 6 .
1958  G e o r g e ,  T .  IT. ’ L o w er  C a r b o n i f e r o u s  l a l a e o g e o -
g r a p h y  o f  t h e  B r i t i s h  I s l e s ’ .
F r o c  Y o r k s .  G e o l .  S o c .  p i  p p .  2 2 / - 3 18
1910  G i r t y ,  G . H. ’ New G e n e r a  a n d  S p e c i e s  o f  C a r b o n i f e r ­
o u s  F o s s i l s  f r o m  t h e  F a y e t t e v i l l e  S h a l e  
o f  A r k a n s a s . ’
A n n ,  A c a d .  3 c i .  New Y o r k  2 q 
p p .  2 3 2 - 2 3 6 .
1923 H a a c k ,  V, J a h r .  d e r .  P r e u s s . G e o l ,  L a n d e s  a n o t  a l t  , i f2
p p .  5 6 0 - 5 9 4 .
1 956  J o h n s o n ,  V , R. ’ T h e  O s t r a c o d a  o f  t h e  M i s s o u r i
S e r i e s  i n  N e b r a s k a .
N e b r a s k a  G e o l .  S u r v .  p a p e r  1 1 , p p .  I - 5 2 .
1 8 8 4  J o n e s ,  T .  R.  ’N o t e s  o n  t h e  l a t e  Mr.  G e o r g e  T a t e ’ s
S p e c i m e n s  o f  L ow er  C a r b o n i f e r o u s ,
L n t o m o s t r a c a  f r o m  B e r w i c k s h i r e  a n d  
N o r t h u n b  e r l a n d . ’
F r o c .  B e r w i c k  N a t .  C l u b  1 0 , p p .  3 I 5 “ 3 ^ S -
I S 8 5  J o n e s ,  T . R .  a n d  K i r b y ,  J . V .  ’ On som e C a r b o n i f e r o u s
s p e c i e s  o f  t h e  O s t r a c o d o u s  G e n u s .
K i r b y a  J o n e s . ’
A n n ,  Mag,  N a t .  M i s t .  1 5 ,  p p . 1 7 4 - I 9 I .
1 8 8 6  ( a )  -— ’ On some f r i n g e d  a n d  o t h e r  O s t r a c o d a
f r o m  t h e  C a r b o n i f e r o u s  S e r i e s ’ .
G e o l .  Mag.  ( 3 )  V o l .  5 , p p .  4 3 2 - 4 3 9 .
1 6 8 6  ( b )  — * On C a r b o n i f e r o u s  O s t r a c o d a  f r o m  t h e
G a y t o n  b o r i n g .  N o r t h a m p t o n s h i r e ’ .
: o l .  M ag.  ( 3 ) ,  V o l .  3 , PP .  2 4 8 - 2 5 3 ,
1896  <21 — ’ On C a r b o n i f e r o u s  O s t r a c o d a  f r o m  I r e l a n d ,
3 c i .  T r a n s ,  R o y .  S o c ,  D u b l i n  ( 2 )
V o l .  6 ,  p p .  1 7 3 - 2 0 4 .
1 9 5 8  K e l l i n g  JPfc.O. T h e s i s  U n i v e r s i t y  o f
E d i n b u r g h ,
1 8 8 0  K i r b y , J ,  V/, ’ On t h e  Z o n e s  o f  M a r i n e  F o s s i l s  i n  t h e
C a r c i f e r o u s  S a n d s t o n e  S e r i e s  o f  F i f e ,
a . J . c ' . s .  Vol. 56, pp. 553-550.
1 9 5 6  K re in p ,  G. ' O s t r a c o d s  o f  t h e  R u h r  C o a l  I . I e a o u re s *
G e o l .  L a n d e s a n s t , ,  G e o l .  J b . B d ,  7 1 > 
p p .  1 4 5 “* !^ ^  •
1352  K r u m b c i n ,  V. C.  a n d  b a r r e l s ,  R.LI, ’ O r i g i n  a n d
c l a s s i f i c a t i o n  o f  c h e m i c a l  s e d i m e n t s  i n  t e r m s  
o f  p H a n d  o x i d a t i o n  -  r e d u c t i o n  p o t e n t i a l s . ’
J , G e o l .  V o l .  6 0 ,  p p .  1—3 9 •
1 8 7 1  L a m p l u g h ,  Q, \7, ’ T h e  G e o l o g y  o f  t h e  c o u n t r y  a r o u n d  
B e l f a s t ’ ,
M e m o i r  G e o l .  S u r v .  I r e l a n d .
1 9 3 2  L a t h a m ,  M a ry  H. ’S c o t t i s h  0 a r b o n i f e r o u s  O s t r a c o d a ’ 
T r a n s .  H o y .  S o c .  E d i n .  V o l .  3 7 ;  PP .  3 5 2 - 3 3 2 .
1 9 30  M c G a l l i e n ,  V ,  J ,  ’ T h e  G a r b o n i f  e r o u s  S e d i m e n t s  o f  
H i n t y r e , ’ V o l .  56 p p .  5 3 9 - ^ 1 9 .
1 95 2  P a d g e t , P .  ’ The  C a r b o n i f e r o u s  B e d s  a t  H i l d r e s s
G o .  T y r o n e . ’
I r i s h  N a t u r a l i s t s ’ J o u r n .  V o l .  1 0 , p p .  I - 5 .
195 7  P e t t i j o h n ,  F . J .  ’S e d i m e n t a r y  H o c k s ’ New Y o r k .
1 63 5  P h i l l i p s .  ’T h e  G e o l o g y  o f  Y o r k s h i r e .  ’ V o l .  2 .
1 337  H i c h e y ,  J .  ’ .Llreas o f  S e d i m e n t a t i o n  o f  L o w er
C a r b o n i f e r o u s  Age i n  t h e  M i d l a n d  V a l l e y  o f  
S c o t l a n d ,
Gumm. P r o g r .  G e o l .  S u r v e y  f o r  1 935  
p p .  9 3 * - l l û .
1 9 4 9  ’C e n t r a l  / ^ r s h i r e  M e m o i r ’ S h e e t  I 4 .
G e o l .  S u r v ,
1 9 1 2  S i b 4 / ,  T .  F .  ’T h e  C a r b o n i f e r o u s  L i m e s t o n e  o f  t h e  
M i t  C h e I d e a n  A r e a ,  G l o u c e s t e r s h i r e . ’
G . J . G . S .  9 3 , p .  2 3 .
i 9 6 0  S i s l e r ,  J ,  D, ’ B a c t e r i o l o g ; ^ "  a n d  B i o c h e m i s t r y  o f  
S e d i m e n t s . ’
G e o l .  S u r v .  ^bmer, P f o f ,  P a p e r  2 3 5 ,  p .  1 9 2 .
1953  S l o s s ,  L. L. ’The S i g n i f i c a n c e  o f  E V L a p o r i t e s .  ’
J ,  B e d .  P e t r o l  V ,  2 3 ,  p p .  1 4 5 " 1 <^1 .
1 9 2 8  T y r r e l l ,  G, V .  ’ T h e  G e o l o g y  o f  T i r r a n ,  ’
M e m o ir  G e o l ,  S u r v .
1 9 0 8  U l r i c h ,  E .  0 . S. B o s s i e r ,  H. S .  ’ New A m e r i c a n  
P a l a e o z o i c  O s t r a c o d a . ’
U . S .  N a t ,  M u s .  N r . ,  35  p p .  2 7 7 - 3 4 0 .
1 8 67  Y o u n g ,  J .  ’ On t h e  B a l l a g a n  S e r i e s  o f  R o c k s , ’
T r a n s ,  G e o l ,  S o c .  G l a s g o w  2 , p p .  2 0 9 - 2 1 2 .
